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PREFACE 
This report summarizes the natm~e and results of a model 
developed under aa ISU-RlNN pr3ject dealing with land and wa-
ter use, agricultural technology, policy, aad the environ-
ment. rhe model ani its application represent only one of 
the several activities underway and being completed under 
this project. Subsequent m3dels and repo~ts will include 
other dimensions of problems surrounding resour=e use, agri-
cultural productivity, and national environmental g3als in-
cluding livesto=k wastes, pesticides, and cheaical fertiliz-
ers. 
The model ~eported emphasizes alternativas and potential 
goals in soil loss control as one means of enrironmental im-
provement. At the same time, the model also evaluates alter-
natives in land use, irrigation water allocation, farming 
technologies, and export pot~tials as these affect food 
supplies, farm prices, consumer food costs, f3reign market 
possibilities, ani ~eneral goals in resource productivity and 
environaental improvement. The alternatives analyzed in this 
study represent a smbset of the total for vhi=h it aas capa-
bilities. For example, the model allows evaluation of the 
impact 3f national goals or alternatives on the distribution 
iii 
of benefits and costs among the v~rious land ani water 
owners, and their rural communities. However, because of the 
length of the report, analysis of iifferential regiJnal 
impacts on prices, inco1es and resource value3 are reserved 
for a later report. 
The public environment goals implied in 3tate and feder-
al legislation being enacted or posed can have economi~ 
impact at both the regional or community level and the aggre-
gate or macro level. T~e model applied to the u.s. agricul-
tural sector is designei to measure impacts at both levels. 
Whether or not vacious environmental goals are politically 
acceptable will depend on the pattern and intensity of these 
impacts by region. Similarly, whather or not an envirJnDen-
tal program enacted by a state and relating to soil loss or 
pesticia~ and chemical use brings Jain at the national level 
at the ::!x:pense -,[ the state• s facm income, or vice ver::;=t, 
will depend on the n~ture of regional interdependencies 
through commodity and resource markets. 
~onstruction in the I5U-ilANN research project are specified 
in a manner to reflect interdepenJencies amon1 regiJnal, con-
modity, and resource ~rJups. 
This project has benefitted greatly through the direct 
help and the advice of many people and numerous organiza-
tions. The organizations which have provided servi~es, dat1, 
and help include: the RANN Program of the N'ational Scien';e 
-------~-------
iv 
Foundation, the SJil Conse~vation se~vice and the Economic 
Research service of the u.s. Department of Agriculture, and 
the Bureau of Reclamation of the u.s. Department of Inte~ior. 
Pe~sons who have provided direct help and input fo~ the 
study are James Wade, D~n Dvoskin, Vince SpositJ, a~d Jther3 
of the staff of the center fo~ Agricultu~al and Rur~l Devel-
opment, Iowa St~te University. The project h~s benefitted 
from the guidance and advice of the project aivisJ~Y commit-
tee including N.c. Brady, Co~nell University; Willi~m M. 
Johnson, Soil Conservation Service; D.F. Peterson, Utah State 
Unive~sity; Oscar R. Burt, University of :alifornia; E~il R. 
Mrak, University of California; and George E. Smith, Univer-
sity of Missouri. ie are pa~ticularly indebted to William 
Johnson, Soil Conservation Service; Mac Gray, Soil Conserva-
tion Service; and Larry Tombaugh, the National Science Foun-
dation, for their aid in obtaining data and ~esearch ser-
vices. The Soil Conservation Service suppliei ietailed data 
on soil lJss for the many land resource groups, c~ops, and 
field technologies included in the study and should be con-
sidered as a cooperating institution in this study. 
Kenneth J. Nicol 
Ea~l o. Heady 
How~~d c. M~dsen 
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GENERAL SUMMARY 
The study was undertaken to develop and test a model capable of 
simulating the changes in national and regional variables relating to 
agricultural production as the level of sheet and rill erosion from cul-
tivated lands is controlled. The model incor~orates the major agricul-
tural commodities and determines their pattern of production in 223 areas 
of the continental United States. Within each area, nine land classes 
were defined based on the erosion characteristics of the soils. The pro-
duction of the alternative crops is allocated to these areas and land 
classes based on their economic advantage and compatibility with restraints. 
The results indicate that agriculture can meet present and expanded 
levels of demand while maintaining a gross field loss of soil set at a 
level below 5 tons per acre. The analysis consisted of reducing the allowed 
level of per acre soil loss from no limit to 10 tons per acre, to 5 tons per 
acre,and finally to 3 tons per acre. Then impacts of these restraints 
were traced to the implied shifts in such national and regional parameters 
as soil loss levels, crop production patterns, farming methods used, land 
and water resources and capital inputs required, and changes in the farm 
level prices of agricultural commodities. Changes in these parameters are 
also determined when export levels are increased. The soil loss analysis 
uses the 1969-71 average level of exports as a base and the export alter-
natives consider increases in exports to three times this level. 
Total soil loss can be reduced substantially through shifts to the 
use of contouring, strip-cropping, terracing or reduced tillage methods on 
~-- ~~--~-~-----------------
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the cultivated lands. Some shifts are indicated in crops grown as the 
more erosive row crops, especially the silages and other crops leaving lit-
tle or no residue cover, are substituted for less erosive crops. 
Regionally, the shifts in production level and pattern are more 
pronounced in the high moisture-high runoff areas such as the South Central, 
South Atlantic and North Central regions of the nation. These highly 
erosive regions do experience exports, but their proportionate increase in 
acreage is not as large as for the more arid regions. The more arid 
regions, where runoff is correspondingly lower, gain in production as the 
soil loss restriction level is reduced. Also, in all regions the more 
erosive lands are used progressively less as they lose competitive advan-
tage to the less erosive lands. As exports increase, some of the more 
erosive lands are returned to production before lands of low erosion 
characteristics which are at a transportation disadvantage relative to the 
projected export ports. 
The environmental impacts associated with the soil loss restriction 
are twofold. First, the level of sediment available to enter the water-
ways is reduced, as well as the level of other materials for which sedi-
ment serves as a transport mechanism. The second impact is not favorable 
from an environmental aspect. The reduction in sheet and rill erosion is 
accomplished through an increase in the use of reduced tillage methods 
and a corresponding increase in the use of pesticides to control weeds and 
insects. These had formerly been partially controlled through tillage 
practices. Reduced tillage requires a much greater chemical application 
per acre and presents a greater exposure possibility for the agricultural 
laborers handling and applying the chemicals. 
XX 
The distribution of returns to the agricultural sector shifts with 
the imposition of a soil loss restraint which becomes progressively more 
limiting. The return to labor and water declines slightly while the return 
to land increases greatly. For land owners, shifts in returns result as 
the lands which can comply at low cost command a higher rent and those 
which require intensive operations command a reduced rent or no rent at 
all if the restriction forces the land into a non-use status. 
The general trend is for little change in the farm level price of 
agricultural goods until the allowable soil loss level is reduced to 5 tons 
per acre or less. As the export levels were increased in conjunction with 
the 5 ton soil loss restraint, the farm price of the agricultural commodities 
increased significantly when the feed grain, wheat, and oilmeal exports 
reach a level exceeding two times the base level. 
Besides determining the level of sheet and rill erosion control 
desired, policy makers should consider the environmental impacts resulting 
from the shifts in agricultural chemicals, the pressure for regional pro-
duction pattern shifts,and the equity consideration in the changes in the 
participant shares of the return to the labor, land, and water sectors of 
agriculture. The imposition of a soil loss restraint could place a heavy 
burden on certain regions or farm operators. 
This analysis is designed to supply information on the magnitude and 
implied directional effects in the agricultural parameters considered. 
Knowledge of the direction and differential magnitudes of the shifts by 
region and operator could be used to better formulate a piece of legisla-
tion which may expedite farmer compliance and alleviate some of the possible 
xxi 
considerable impacts resulting from indirect interactions with the com-
pliance measures. 
1 
ftODELS OF SOIL LOSS, LAND lND iATER USE, 
SPATIAL AGRICULTURAL STRUCTURE, AND 
THE ENVIRON!ENT 
INTRODUCTION 
Society has come to be increasingly concerned with the 
environmental impacts acc~mpanying economic development and 
population growth. Because it extends so widely over space, 
agriculture is comple~ly inter~el~ted to problems of the en-
vironment. Economic development of agricGltu~e bas 
intensified these possibilities as the sector has c~me to 
depend on intensive use of chemicals and is o~ganized into 
fewer and larger units which specialize in co1modities that 
concentrate wastes and ~unoff. 
Legislation to impose envi~onmental cont~ols on agricul-
ture have been enacted or imposed at both state and national 
levels. Howeve~, it is n~t yet known how such cont~ols might 
influence farm income, food costs, the inte~regional distri-
bution of resou~ce use and production, national requirements 
for water, rural community employment, and otae~ comple~ 
aspects of this large industry. This study ~nalyzes these 
effects through environmental controls emphasizing soil loss. 
The impact of environmental controls can be complicated 
by levels of expo~ts to be attained, institutional arrange-
2 
ments affecting the allocation of water, agri=ultural supply-
control programs, and other public goals or policies. 
Accordingly, this study on soil-loss control potentials in-
corporates considerations of alternative farm coamoiity 
export levels and complete flexibility in the allocation of 
irrigation water according to the value of its aarginal proi-
uct. The analysis rests on a regional moiel !aphasizing 
soil-loss restraints and nitrogen balances for each of 223 
regions. In addition to the 223 agricultural producing re-
gions, the model incorporates 51 water supply regions, 30 
market regions, a transportation network, international 
trade, and all major field crops, livestock proin=ts, agri-
cultural lands, and irrigation •ater supplies of the nation. 
BOLE OF LlHD USE lBD SOIL LOSS IH 
THB EBVIROII!!ENT 
The major proportion of nonpoint pollution in the United 
states arises in agricult~re in the form of water runoff ani 
soil erosion. :ontamination of streams results especially 
from intensive land use srstems and technology that intensify 
runoff, erosion, and the transport of sediment into major wa-
ter bodies. seiiaent may also serve as the transport mecha-
nism by which contaminating chemicals flow into streams and 
lakes. Environaental degradation through agricultural pro-
duction generally arises through interaction of economic de-
velopment and agricultural struct~re and technology. A high 
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state of economic devellpment is accompanied by a shift in 
relative resource prices and the tendency for labor to become 
the costly factlr. consequently, with more favorable real 
prices for capital, farming becomes capital imtensive and 
larger units are favored because of declining fixed costs per 
unit as the capital item is used more efficiemtly. 
These phenomena have an environmental expression as the 
increased specializatiom of farm enterprises and the tenden=y 
toward concentrated grain farms result in int~nsive row-
cropping patterns and heavy applications of fertilizers and 
pesticides. Spacevise, farming affects a greater proportiom 
of land use and environ•ent than any other economic sector. 
Also, the incidence of its environmental outp~ts are mlst 
complex with respect to both the extent and location of pol-
lution and the relative magnit~de of the costs and returns 
for either the ongoing environmental degradation or the po-
tential methods tl control it. iastes of agriculture not 
only flow into the same streams as do those of industrial and 
urban sectors, but they also trespass on more land and prop-
erty owners between origin and stream destination. 
Soil Particle Movement 
The soil has two roles in the environment, one reflect-
ing the productive ~se of the reso~rce, and tae second, the 
negative environmental impacts in misuse of the resource. 
Productive lands providing food and fiber for• the basis for 
4 
the desirable use patte~n for soil, while soil particles 
moved into a waterway form the undesirable or pollution 
aspect of the soil. Er~sion represents the movement of the 
soil particles by water or wind from their pr!sent position 
to a different location. Erosion also interferes with the 
utilization of other resources in what would be conside~ed 
their normal pattern. SBbstances such as ammonium nitrogen, 
phosphorous, and potassium fertilizers and many of the pesti-
cides are attracted by the soil particles and become fixed in 
a form such that they bec~me less available to plants or the 
pests at which they are directed. These substances are 
transported in this bound position as the soil particles are 
eroded from the fieldandcan be released later !t a new loca-
tion as chemical conditions change. 
Probably the m~st aoticeable effect of soil erosion and 
sedimentation is the gr!dual destruction of likes as t~e sed-
iment is deposited near the mouth of the river and on the 
bottom of the lake, gradually making the lake smalle~ and 
more shallow. The degree to which sedimentation occurs is 
related to many factors associated with the sediment ca~~ying 
capacity of the stream. Each stream, depending on its energy 
balance, possesses the capacity to support a specific sedi-
ment load. Any factor altering this energy bilance results 
in the supportable sediment load changing. 
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The majority of sediment in the waterways originates 
from sheet and rill erosion of farm lands, ani alternative 
measures are available with present technologies to control 
the quantity of soil lost through this process. Techniques 
available to control sheet and rill erosion on farm land in-
clude combinations of cr~p tillage and land-treatment prac-
tices. The crop tillage practices include: ~ltering the 
time of tillage t~ have the surface less exposed during nor-
mal high-runoff periods, altering the intensity of tillage by 
implementing alternative minimum-tillage practices, control-
ling the quantity of residue remaining on the field after 
harvest and fall tillage, and altering the rotation utilize1 
such that the rotation includes a higher proportion ~f the 
close-grown and sod crops that are less susceptible to ero-
sion. The land-treatment practices include: contouringr 
strip cropping, and terracing. 
Once the s~il particles have left the fi!ld, the conser-
vation practices used attempt to control the energy level 
of the stream and thus its carrying capacity. The control 
measure used on agricultural lands depends on the use for the 
land, on the degree of control desired, and on the suscepti-
bility of the land to erosion. The use of th! land iacorpo-
rates the above erosion-c~ntrol practices and the types of 
crops. The level of control is the variable which the social 
welfare function must indicate as society trades the satis-
6 
faction received from the reduced level of seiimentation ani 
the change in cost, if any, of commodities produced on the 
land. 
Legislation aimed at soil-loss control also must consii-
er any interregional trade-offs in resource use and income 
generation as the production patterns shift to those lands on 
which erosion is most easily controlled. The interregional 
shifts can represent trade-offs in regional comparative ad-
vantage as farmers in affected regions adjust to the restric-
ted production possibilities. The intraregiomal shifts rep-
resent trade-offs between lands which have different suscep-
tibilities to erosion and the degree of influence of the 
erosion-related factors. 
Distribution Of Erosive Lands 
The distribution of lands susceptible to erosion is su~-
marized in the !~~i2Bi!-!!!§ni2~~-2!_~2!l_in~-~!1!~-~2D§!!!!-
1i2D-!!~d§£_j~~I (3) • This study, conducted under leadership 
of the Soil Conservation Service with other g~vernmant agen-
cies cooperating, inventoried private land of the United 
states and classified with respect to its present use and the 
type and degree of use hazard most predominant based on a two 
percent sample of the 1967 privately-owned lamds. The inven-
tory covered 1,438 million acres in the 50 st1tes, of which 
30 percent was classed as cropland, 34 percent as permanent 
pasture and rangeland, and 32 percent as forest lani. The 
7 
remaining 4 percent represents roadways, farmsteads, fence 
rovs.and marshes. 
The lands are groupei into land use capability classes I 
through VIII, with classes I, II and III being suited for 
cultivation; IV, marginal land for cultivation; v, wetland 
lands; and classes VI through VIII not generally suitei for 
cultivation. In the inveatory 58 percent of the land suitel 
for cultivation (classes I-III) vas cropland, 18 percent va3 
pasture, and 20 percent vas in forest lani. Of the 
marginally cultivatable lands (class IV), 28 percent vas 
used for crops in 1967, and in the classes V-VIII, only 4 
percent of the lands vas cropland (J). Bach of the major 
capability classes, except I, is divided into four subclasses 
indicating the dominant soil limitation. Alternatives in-
clude susceptibility to erosion, excess water, unfavorable 
soil features, and adrerse climatic conditions. Class I land 
vas assumed to be adequately treated and exhibited no need 
for further conservation practices. 
Table 1 gives the acres of privately owned land by use 
category and grouping of land use capability =lass and indi-
cates the percentage, as described in the Rati2na1_In!~n~2[I 
(3) , which has erosion as the dominant hazard. Of the crop-
land in classes I and II, only 40 percent has an erosion 
problem, compared vith 60 percent of the cropland in classes 
III and IV and 62 percent in classes V through VIII. crop-
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land acreages im the less-suited land classes are only a 
small proportion of the total lands in these cl~sses, indi-
cating that farmers tend not to far• their unsuited land. 
Table 1 also indicates that not all land suited for complete 
or limited cultivation is so used. Over 440 aillion acres ~f 
land in classes I through IV were not in the cropland uses, 
as compared to 415 million acres which were. Of the 1,575 
million acres inventoried, 770 million acres or 49 percent 
had erosion and soil loss as their dominant •~nagement prob-
lem. 
THE STUDY 
This study is one in a sequence carried out by the 
center for Agricultural and Rural Development relating to ag-
ricultural policy, income, and resource use. The research 
upon which it is based is designed particularly to evaluate 
possible trade-offs in land use and to determine impacts of 
legislated restrictions on permissible soil loss in terms of 
the changes in water and land use, production patterns and 
technology in agriculture, and direct costs to society of 
these changes in terms ~f prices of agricultural commodities. 
The model must include the proper Yariables amd restraints 
and be designed so that the specified objectives can be met 
given the set of assuaptions within which the aodel is to be 
operated. 
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Objectives of the Study 
The study is made to evaluate iapacts in the agricultur-
al sector from possible imposed limits on soil loss allowed 
through sheet and rill er~sioa of cultivated lands. The main 
questions it attempts to answer are: Does agriculture have 
sufficient production capacity to meet domestic and export 
demands and als~ contribute to improvement of the environment 
through reducing the qu~ntity of sediment discharged into the 
nation's waterways? If so, how far can envir~nmental attaim-
ment through reduction of s~il loss from agriculture be 
carried while food demands are met at reasonable real prices? 
What interregional changes in crop and livestock production, 
land use, and water allocation are posed as different levels 
of environmental improvement through soil-loss controls are 
attained? 
Part of the research involved developing a model capable 
of implementing the analysis posed. such a m~del must 
encompass the m~j~r c>maodities, resources, and interrela-
tionships of both the agricultural sector and its individual 
land and vater regions. rhe land, wate~ and other resources 
must be defined in such a manner that they exaibit the char-
acteristics inharent in the interrelationships of the analy-
sis. In this study, these interrelationships center around 
the concepts of s~il loss and productivity differentials of 
11 
alternative combinations Jf the resource inputs. The alter-
native technologies must be defined representing the appro-
priate production, utilization, or transfer alternatives. 
Given the developed model* the objectives then become 
ones of determining tae impact of imposed environmental re-
strictions on the allowable soil loss from croplands. The 
analysis of the impact needs to apply at the national level 
in order for the overall production potential and price ef-
fects within the agricultural sector to be eviluated. 
Further, it needs to allo11 determination of any shifts in re-
gional comparative advantage, indicating 11hich regions will 
be affected differently by the national impacts. The result-
ing land-use patterns, crlpping patterns, watar 
reallocations, resource-use alternatives, and farming prac-
tices can indicate possible shifts in income ind expenses of 
the farm and farm-related sectors. 
Assumptions for the Analysis 
When major impact alternatives are analyzed for agricul-
ture by models capable of simulating interregional 
competition, a time horizon sufficiently far in the future 
must be selected to allow for the implied adjustments in 
technology and interregional shifts in production patterns. 
The year 2000 was selected as the base for tha analysis, and 
the model was designed consistent vith projected and expect-
ed production alternatives available at that time. rhe model 
12 
simulates a free market for commodity sales and resource pur-
chase. Technology is projected on a trend basis in allowing 
for changes in livestock feeding rates and yields per unit of 
inp11t for crops. 
The international trade sector allows increases in 
imports proportionate to the population incre~se. Exports 
initially are held equal at annual 1969-71 levels. In a sec-
ond stage of the stady, exports are increased and the iapli-
cations of increased demand are evaluated. A population 
level of 284 million persons in the continent~! United States 
is assumed for 2000. The level of per capita income project-
ed by the Bureau of Economic Analysis (30) is used in evalu-
ating the incoma effects on consumption. 
A summary of the models evaluated is given in rable 2. 
Four models are associated with soil-loss analysis and a 
further two with the alternative export levels. 
The solutions analyzed represent a finite number of the 
complete set of possible alternatives. It is hoped that 
those presented will allow identification of trends and 
trade-offs which need to be examined when controls on the 
per acre level of erosion are considered for legislation. 
The models allow evaluation of the effects of the soil-loss 
restraints separate from changes in the demand level. Then 
the solutions for higher export levels give an indication of 
the effects of increased demand levels vith "already imposei" 
13 
soil-loss restraints. 
Table 2. Level of soil loss and exports for the alternative 
models 
Model 
A 
B 
c 
D 
E 
F 
Per acre 
Soil loss 
Level 
unlimited 
10 Tons 
5 Tons 
3 Tons 
5 Tons 
5 Tons 
Export level!/ 
69-71 average 
II 
II 
II 
double 69-71 
triple 69-71 
a/ 
- Exports are adjusted only for the feed grains, wheat and 
soybeans. 
The models provide insight into potential changes in the 
cropping, land-use, and water-use patterns, and in farming 
techniques which are economically and technol~gically feasi-
ble given the implied restraints. considered in the land-use 
patterns are shifts among land class alternatives and also 
the shifts between dryland and irrigated agriculture as their 
relative advantages change with soil-loss restraints and 
export levels. Price-related effects analyzei include 
changes in the farm-level cost of consumer food outlays and 
changes implied in the values of farm resources. 
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THE MODEL 
This study is made by means of a linear program•ing 
model developed for the nation encompassing 223 producing 
areas, 1,891 land-resource groups, 51 water regions, and 30 
commodity-market regions. A model capable of analyzing the 
major effects of proposed environmental restrictions on the 
agricultural sect~r must allow enterprise, resource, and re-
gional adjustments. Interregional shifts in production occur 
as the regional comparative advantage changes, as is indicat-
ed by the broiler industry concentrating in the Southeast; 
the cattle feeding industry, moving south and vest from the 
Cornbelt; and soybeans and sorghum grain beinq intr~duced in 
areas where technology in the fora of agronomic practices, 
improved varieties, andlor economic forces have altered the 
production possibilities {34, 35). 
The basis for an interregional model is the definition a 
number of sets of regions consistent with the characteristics 
used to describe the resources, production possibilities, or 
form of interregional interaction desired. Within the appr~­
priate regions defined, restraints are imposed on interac-
tions among (a) resource availabilities and uses ani (b) coD-
modity production and demands. Also, activities or variables 
15 
representing alternative production possibilities, resource 
transformations and resource transfers delineate the possible 
utilization of the resources and production of the commodi-
ties subject to the stated restraints. 
The model ieveloped uses five regional delineations, 
three of which are operational in the model. It incorporates 
restraints on the availability of croplani by quality class, 
permanent hay or pasture, water, nitrogen use for fertilizer, 
and regional demands for the crop and livesto=k commodities. 
A restraint imposed exogenoAsly to the model initially 
screens all crop production activities, eliminating those ac-
tivities which develop a soil loss above the 1llovable upper 
limit. Besides crop pr~duction, other activities define the 
possibilities for livestock production, fertilizer and water 
purchase, demand generation througa population, industry and 
international trade activities, the transfer of resources or 
commodities amo~g regions, and requireaents for the resources 
for uses exogenous to the model. A sector ani restraint 
group delineation of the above-iaplied interactions consid-
ered in the analysis is given in Figure 1. 
The expanded model employed includes 4,386 restraints 
and commodity regulatory equations and 26,768 activities or 
variables. It is solved such that a ainimum-cost agricultur-
al bill is determined and the factor costs of farming are 
covered (thus simulating a competitive equilibrium) subject 
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to the restraints and defined activities. The definition of 
.1) 
the specific restraints and activities, their interaction and 
their quantification are discussed in the sections which 
follow and in the indicated Appendices. 
fhe Regions Used 
Five separate sets of regions are used. The first set 
represents regions within which the data base is defined; tne 
second, the areas within which the production activities are 
defined; the third, the regions detailing water availability 
and transfer possibilities; the fourth, the areas within 
which the markets are defined; and the fifth, the regions 
into which the results are aggregated for rep3rting. 
The regions include the counties and states of the conti-
nental united states within which census and commodity pro-
duction data are tabulated. ln additional set of regions im-
eluded in this group is the county approiimations of the 
major land resource areas as used for data collection by the 
soil conservation Service, u.s. Department of Agriculture, 
Figure 2. These regions delineate the land of the continen-
tal United states into 156 areas based on domimant soil type 
and management characteristics. It is from these regions 
that the data used in calculating the soil loss by alterna-
tive cropping activities is developed. 
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Sets of weig~ts based ~n relevant data relationships are 
used to transfer data from the regions in wbi:h they are ob-
tained into the c~mmon resource or producing treas where the 
data are used in the model or in combination with other dati 
to generate coefficients to be used in the moiel. 
I~~-E£QgY£!!g_~£~~2 
Figure 3 indicates the 223 producing arets usei in the 
model. These areas are based on county approri•ati~ns of tbe 
Water Resources Council's 206 subareas (36) modified to be 
consistent with the water supply regions and the aarket re-
gions. Each pr~ducing area is an aggregation of contiguous 
counties contained in a watershed draining to a coamon water-
way. The producing areas represent the regions in which crop 
and livestock pro3uction activities and the land, by quality 
class, pasture, and nitrogen balance restraints, are definei. 
Th~_!at~_SUP£1l-f~~iOU§ 
Fifty-one water supply regions are defined in the 17 
western states where water use and allocation are daterminei 
within the model, Figure 4. These regions ara an a~gregati~n 
of contiguous producing areas within which irrigated water 
supplies are available and can be used. The subiivisi~ns of 
the 18 major river basins of the iater Resources Council form 
the basis of thase regi~ns (36). The aodel aates endogenous 
determination of the optimal amount of irrigatei land and 
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22 
farm water use in each ~f these regions. 
Th~-~arke~-~~!~n2 
Contiguous p~oducing a~eas a~e aggregated into major 
marketing areas of the United States to give the 30 ma~ket 
regions for the model, Figu~e 5. Ma~ket balance ~estraints 
are defined within these ~egions for the major commodities. 
Each region has a city which serves as a hub in the existin~ 
national transp~rtation netwo~k included in the model. The 
commodity t~anspo~t section of the model uses these centers 
as points between which commodities are moved as the p~aduc­
tion pattern adjusts to each ~egion•s comparative advantage. 
Activity and BesJu~ce Restraint Coefficients 
Activities, in the cDntext of this linea~ program, serve 
as the mechanism whereby production alte~natives, cammadity 
utilization, and transfe~ systems are incorpo~ated into the 
model. Activities are used to simulate the demand and supply 
possibilities of the commDdity and resource markets which the 
model converges to an equilibrium. The commodities included 
are: the grains--barley, corn, oats, sorghum, soybeans, and 
wheat (both total and spring); the cash crops--cotton and 
sugar beets; the ~oughage crops--legume hay, ~onlegume hay, 
and silage; and the livestock products--feede~s, fed beef, 
·
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24 
milk products, nonfed beef, and pork.t Tae r~sources 
restrainiQg tae m~del include land by erosion class, pasture, 
nitrogen fertilizer, and water as well as the previously 
listed commodities (which serve in whole or im part as inter-
mediate resources in the production of the final demand com-
modities). Returning to Figure 1, the intera=tion squares 
with minus signs indicate withdrawals or demand-creating var-
iables, and the positive signs represent production or 
supply-creating variables. 
This section outlines each of the major interaction 
groups, describes the assumptions surrounding each, and indi-
cates how they interact with the other sectors. The initial 
three groups are, in general, demand generating; the next two 
are commodity production alternatives and resource availabil-
ities; they are followed finally by the transportation and 
transfer group of activities. 
This group of activities represents the interaction of 
the consumer and manufacturing sectors of the economy vita 
the agricultural sector. One activity is defined for each of 
the producing areas and is of the form L(i}<N(i), waere N(i) 
tAll commodities except spring wheat, cotton, and sugar 
beets are balanced at the market area level. These three 
commodities have national markets. 
25 
is the level of population activity in producing area i and 
L(i) is the lower limit on the activity level set at a limit 
consistent with the Bureau of Economic Analysis's population 
projections for the area (30).• Each activity indicates the 
quantity of each of the commodities required to meet the de-
mands of the producing ~rea. combining the appropriate 
subset of these activities develops the market region demand. 
A second aggregation of the population-industry activities 
develops the water requirements for municipal, industrial, 
and recreational uses by ~ater supply region. 
Per capita commodity demands are developed at a nation~l 
level of per capita commodity use by producing area, Table 3. 
The per capita water-use coefficients are developed by 
water-supply region and are assigned equally to all produ-
cing areas within the water-supply region. The lower bound on 
the activity drives the demand up to the miniaum level re-
quired. Different population levels reflecting a change in 
total number of persons or a change in region1l distribution 
of the given population are reflected in a change in the 
lower limit on the area's production activity. In this way 
the population-related level of demand within the m~rket re-
gion is adjustable to chanqing assumptions. 
11 2000 population level of 284 million people in the 
continental u.s. is used for this study. 
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27 
An additional set of activities, closely related to the 
population-industry activities, generates a demand for wate~ 
in each of the 51 water-sapply regions to reflect the in-
creased demand for vater for navigation, wetlands, and other 
onsite water-consaming activities. The onsita demand for wa-
ter reflects a use over and above the level in 1969 (i.e., 
the 1969 level of use is not part of the calculated available 
supply). 
!l!!!![J!s1l2J!U_.t,sg! 
This sector of the model adjusts the com•odity demands 
to reflect foreign trade. Por the base model, trade of all 
commodities is held at the 1969-71 annual average nat trade 
level, Table 4. Trade levels for commodities with producti~n 
and demand exogenous to the model (i.e., broilers, turkeys, 
and eggs) are specified by adjusting projectei per capita re-
quirements by an amount equal to the 1969-71 per capita net 
foreign trade. 
Export demands for c~rn, sorghua, barley, oats, wheat, 
and oilmeals are allocated to the market regions proportion-
ately to the average exports of the respective commodity from 
the ports in the region over the 1967-1969 period (28, 29, 3, 
4}. For commodities which have a net import balance, the 
total import is allocated to each market region proportionate 
to the projected population. 
28 
The two solutions for the expanded export analysis have 
exports of corn, sorghum, barley, oats, wheat, and soybeans 
at twice 1969-71 levels and at three times 1969-71 levels. 
In the expanded trade m~dels, no adjustments are made in the 
net foreign trade position ~f other commodities. 
Table 4. Net foreign trade of the commodities used for the year 2000 
Commodity Import Export 
Corn 626,333 thou. bu. 
Sorghum 126,666 thou. bu. 
Barley 48,666 thou. bu. 
Oats 16,179 thou. bu. 
Wheat I 658,719 thou. bu. 
Oilmeals!!. 276,407 thou. cwt. 
Cotton B 3,306 thou. bales 
Beef 22,453 thou. cwt. 
Pork 3,349 thou. cwt. 
Dairy products 4,661 thou. cwt. 
Broilers 295,416 thou. cwt. 
Turkeys 44,162 thou. cwt. 
Eggs 68,699 thou. doz. 
Sheep and lamb 1,647 thou. cwt. 
!!./Oilmeals are expressed as soybean oilmeal equivalent exports of 
both meal and soybeans. 
Three activities are used to simulate expected changes 
in water availability due to international water agreements. 
They represent the increased transfer of 1.5 million acre 
feet of water to Mexico from the Colorado River according to 
the Mexican treaty of 1944 (21), an increase ~f 45 thousand 
acre feet in the depletion of the Milk River by canada (15J 
and the transfer of 1. 1 million acre feet from the Missouri 
29 
River Basin in the Dakotas through the Garrison Diversion 
Project to the souris-Red-Rainy River Basin (~ basin outside 
the included vater regions) by the year 2000 (15). 
The_~xo~~~~ye-~[£i~!~~r~l-2~~~~ 
Resource allocation in part of the agricultural sector 
is predetermined exogenously to the active model. rhe tvo 
major exogenous groups are (a) fruits, vegetables, and minor 
crops and (b) the small, extremely intensive animal enter-
prises. Included in the exogenous crop sector are broomcorn, 
buckwheat, covpeas, dry beans, dry peas, flax, hops, orcharis 
and vineyards, peanuts, potatoes, proso-millet, rice, rye, 
safflower, sugar cane, sunflowers, sweet potatoes, tobacco, 
and vegetables. 
Resource availabilities are adjusted to account for re-
quirements of the above crops in 2000. Appeniix 1 =overs the 
computational procedures required to estimate the level of 
land, water, and fertilizer nitrogen use by these crops. The 
projected acreage requirement for these crops by land class 
in each producing area is subtracted from the available lani 
in that class in the producing area. Where projections indi-
cated a greater increase in acreage than available land al-
lowed, the projected acreage is handled by adjusting either 
(a) the acreage in another land class of equal productivity 
in the producing area, or (b) the acreage in the same land 
class in an adjacent producing area. The alternatives used 
30 
depended on the historic (1964 and 1969 ~~n2~~-2f-lg£!£g!­
!Yf~, (34, 35t data) similarity of the production pattern of 
adjacent producing areas and the characteristics of the crop 
which may allow it to be grown on land of different produc-
tivity and management require•ents. 
Projected water requirements for the exogenous crops 
grown in the appropriate producing areas were subtracted from 
total water available for use in the respective water supply 
region. Thus, exogenous crops have prior access to water. 
Most of the exogenous crops represent high value crops or 
those grovn under contract and which generally can bid water 
away from endogenous grain and roughage crops. 
Nitrogen fertilizer requirements for exo~enous crops are 
projected to 2000 vith a determination of the total require-
ment made for the producing area. This quantity is then in-
troduced as a pre-solution deficit representei by the right-
hand side of the nitrogen restraints in the nitrogen markets. 
Livestock in the exogenous agricultural production 
sector includes broilers, eggs, turkeys, sheep and lambs, and 
other small animals (horses, mules, ducks, geese, fur-bearing 
animals, and zoo animals). The rations for each of the live-
stock categories are determined as outlined in !~i~~it~£!l 
i~-~an~2 (9) and give the quantity of each of the com-
modities required per unit of the livestock class. Except 
for the oilmeal coefficient, these quantities represent a 
31 
direct de•and on the relevant commodity markets. Oilmeal is 
adjusted to represent a net demand for high protein feed by 
accounting for the amount of high protein aniaal feed pro-
duced as a byproduct of the slaughter of the livestock class. 
The method of calculating the animal protein production is 
outlined in Appendix 2. Per unit water requirements, for 
those areas where water restraints are defined, are obtainei 
by livestock class from lg•i£Y!tY[~!-!~ti[-~i!~!g§ (9). 
The quantity of nitrogen-equivalent wastes produced by 
each of the classes of livestock is determinei and forms an 
interaction with the fertilizer nitrogen sector. The 
quantity of fertilizer-equivalent wastes from broilers is de-
termined as outlined in Appendix 2, and a comparable produc-
tion of nitrogen waste is calculated for the other poultry 
classes based on feed consumption and commodity production 
relative to broilers. Sheep and lamb wastes are calculated 
from the coefficients of the other ruminants, based on waste 
production per unit of ~utput (Appendix 2). No nitrogen 
waste is associated with the other livestock category, as 
neither the exact mix of these animals nor waste production 
data for them are quantified. 
Ia2_££Q£_~~2dY£ti2R-2i£~Q[ 
The crop production sector simulates production of grain 
sorghum, barley, corn, corn silage, cotton, legume and 
nonlegume hay or pasture in rotation, oats, sorghum silage, 
32 
soybeans, sugar beets, and wheat in rotational combinations 
consistent with the production possibilities of the region. 
These activities are defined by both producing area and land 
class, representing alternative crop sequences, tillage and 
conservation practices, and irrigated or dryland agriculture. 
A unique combination of the above factors represented in one 
activitiy is referred to as a cropping manageaent system. 
Each of these systems produces commodities for intermediate 
or final demands while simultaneously creating a demand for 
nitrogen, land and,in the west--water. 
In completely defining one of the cropping management 
systems, many interacti~ns and influencing factors must be 
considered. Figure 6 outlines the interaction of the soil 
characteristics, technology, and the natural factors in de-
termining the p~ssible cr~pping management systems and their 
resulting coefficients. The soil characteristics reguire de-
termination of the slope lengthand gradient of the soil, the 
physical makeup of the soil (determining its descriptive 
classification), and the natural fertility levels of the 
soil. The natural possibilities include the quantity and 
annual distribution of precipitation and the length of the 
growing season as determined by the frost free period. These 
factors combine vith the technological possibilities, such as 
production method and the response function resulting from 
commercial or animal fertilizer applications. In general, 
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the data development for the model vas divided into three 
closely related steps. The first, the complete definition Jf 
the alternative cropping aanagement system, the associated 
crops, tillage methods, conservation practices, and resulting 
soil loss, requires the largest amount of dat~ handling. The 
second step in the complete definition of the system repre-
sents development of the yields incorporating the influences 
of all the factors associated vith the cropping management 
systems. The third step includes developing cost coeffi-
cients consistent with the above variables and the regional 
farm characteristics. 
Crop rotations within each producing are~ are determined 
by combining rotations recommended by the Soil Conservation 
service in each of the Land Resource Areas included in a pro-
ducing area (Appendix 3). Some adjustment is made to reduce 
the number to a manageable group by determining the relevant 
crops grown in the producing area from the 1964 and 1969 
£g~~2_Qf_!g£i£~!tY£~ (34, 3~. Rotations than were selected 
to allow a variation in production around these crops. Each 
rotation is defined for each land class within the region if 
relevant data are available to adjust the costs, yields, and 
conservation practices according to unique characteristics of 
the land class. Soil loss for each rotation ~nj mechanical 
practice on each land class is calculated from the Universal 
Soil Loss Equation as developed by Wischmeier and Smith (38) 
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and the data from the regional specialists of the Soil Con-
servation service (Appendix~- rhe methods used to adjust 
the data from the Land Resource Areas of the Soil conserva-
tion service to the producing areas and an explanation of the 
soil loss calculations are given in Appendix J. ConservatiJn 
practices considered included straight row cultivation as the 
base, contouring, strip cropping, and terracing. Each prac-
tice is defined for each land class for waich data are avail-
able. The conservation practices are also combined with the 
tillage practices: conventional tillage, residue management, 
and reduced tillage. Reduced tillage is interpretei to be 
the adoption of tae most likely method of tillage in the area 
consistent with a reduction in direct exposure of the soil 
surface to erosion-causing elements. 
Crop yields are determined from a set of producing are~ 
yield-response functions developed in the CARD research pro-
gram (27), with adaptatioa to the land classes of the study 
on the basis of data from the Soil Conservation Service 
survey, the 12.2~LA9:Ii~!!l1!!!:9.l~~J!~!!e (34) , and the Ra1!QJ!a1 
!J!~~£Q!:Y (3}. The yield functions incorporate response to 
fertilizer applications, time trends of technology (for this 
model to 2000), land class productivity differentials, and 
conservation and tillage yield effects. A complete descrip-
tion of the function and the determination of the relevant 
data is given in Appendix 4. An additional p~rt of the yield 
36 
determination is the development of the fertilizer nitrogen 
' ' . 
requirements of the rotation. The response function has fer-
tilizer input as a variable and projections of the optimum 
level of fertilization leading to the fertilizer coefficient 
for the interaction between the crop management system and 
the fertilizer nitrogen restraint. In calculating this coef-
ficient, adjustments are made if the rotation includes either 
a legume hay or soybeans. Nitrogen fixed in their Loot 
nodules is projected to be available to the CLOp following in 
the next year of the rotation. In determinin~ the quantity 
of nitrogen fertilizer re~uired, the quantities of the non-
nitrogen fertilizer elements requiLed are also determined and 
their purchase becomes a part of the production costs associ-
ated with the cLopping management system. 
The crop costs are calculated individually from the data 
developed by Eyvindson (8). The individual cLop costs in-
elude a breakdown into labor cost, machinery cost, pesti-
cides, fertilizer (non-nitrogen), and miscellaneous costs in-
eluding lime, grain drying, and seed. In cal=ulating the 
projected total costs, adjustments in the fertilizer cost 
comes from the yield calculations, labor is adjusted for each 
of the crops to reflect a continued decline in labor per unit 
of output as determined from historic trends; while per acre 
machinery, pesticide, and miscellaneous costs are assumed to 
increase proportionately to the increase in yield calcula-
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tions. Labor is adjusted over time for each =rop amd re-
flects a contin~ed decline in labor input per unit of output. 
Per acre machinery, pesticide, and miscellaneous costs are 
assumed to increase proportionately to the in=rease in yield. 
All costs are determined in terms of 1970 dollars, and the 
methods and adjustments are outlined in Appendix 5. 
Water coefficients are determined as outlined in l~~!-
£~i~~i_!~~~-~~!~Rg§ (9). The requirements for the irrig-
ated crop activity are weighted by the percentage of the crop 
in the crop management system. Water coefficients represent 
net diversion req~irements and are not directly a determinant 
in the crop yields. However, the trend yields of irrigated 
crops reflect the past trends of water use on a per irrigated 
acre basis, and the functions are consistent with the calcu-
lated water demands. 
An initial evaluation of the cropping management systems 
allow for the selection of one conservation tillage practice 
combination for each of the unique rotations. The differen=e 
between conservation-tillage practice alternatives is repre-
sented in yield and cost differentials but not in resource-
use differentials. Thus, when evaluated in the linear pro-
gram, that alternative with lowest cost per unit outpat will 
be selected. On this basis, all crop management systems 
within a unique rotation are evaluated and the most profit-
able alternative is chosen, (i.e., the one with the largest 
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income, given the resource costs). 
Ihg_!i!22~2£!_E£2gY£~i2~-2~£12I 
The livestock production sector provides a secondary or 
intermediate demand on feed resource and transforms grains 
and roughage into the "desired" meat portions of the American 
diet. Figure 7 indicates the interactions relating to the 
development of the livestock production activities. The 
rations depend on the livestock class, relative feed costs, 
climatic influences, and management decisions. These factors 
combine with the technologic characteristics such as produc-
tion inputs, feed and waste handling systems, enterprise 
size, and climate to define the alternative livestock possi-
bilities. 
Livestock production alternatives in the model are de-
fined for each of the 223 producing areas. They represent 
the beef cow, beef feeding, hog, and dairy operations and are 
adapted from data by Eyvindson (8). Other livestock are al-
located exogenously as described previously. Each livestock 
type in a producing area forms a set of activities with nu-
tritionally balanced but commodity differentiated rations. 
The rations for each livestock group is balanced in separate 
mathematical formulations based on the nutrient requirements 
specified by the National Academy of Science (17, 18, 19~. 
Rations are adjusted to reflect the expected difference be-
tween experimentally recommended levels of nutrient consump-
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tion and projected levels based on historic feed consumption 
rates (Appendix 2). optimal rations selected by the model 
represent linear combinations of the defined rations aad pr~-
vide alternatives covering many combinations of the available 
feeds. In producing areas enclosed within a water supply re-
gion, coefficients are developed by livestock class to indi-
cate the withdrawal of water from the appropriate water bal-
ance. 
Each livestock class also produces a set of commodities 
at a level consistent vith projections of historic r~gional 
data, Table 5. These commodities are chaanelad int~ the ap-
propriate market and satisfy the projected demands (in some 
cases an intermediate demand as for feeders). Each livestock 
activity also produces a calculated level of nitrogen fertil-
izer equivalent in the producing area. 
Table 5. Commodities produced by the endogenous livestock 
classes. 
livestock class 
Dairy 
Beef cows 
Beef feeding 
Hogs 
Commodities produced 
Milk, feeders, nonfed beef 
Feeders, nonfed beef 
Fed beef, nonfed beef 
Pork 
This section outlines the methods of inventorying and 
delineating resources. A description is incladed of the 
model sector which determines the quantities of resources 
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available, their cost, and how and where they are to be used 
in the "optimization" of the agricultural sector. Resources 
in tais category include land, non-rotation hay and pasture, 
water, and fertilizer nitrogen. A detailed description of 
the procedures and assumptions used is in Appendix 6. 
The acreage available by land class is determined from 
the HatiQa!1_!~~1Q~I of tae Soil Conservation Service (3) 
with adjustments for projected changes in exogenous land uses 
and future irrigation developments. Tae base acrea~es used 
for cultivated land represent those acres in the lat!2n~!-In­
Y~n~2II which vera used for row crops, close-grown crops, 
summer fallow, rotation hay and pasture, conservation uses, 
and fruits and vegetables. This acreage is reported by 29 
land classes for dryland and irrigated possibilities and rep-
resent lands of eight d~fferent general classes and four 
subclasses according to susceptibility to erosion by water or 
wind. For this study, the 29 land classes are aggregated 
into nine land groups for each producing area as in~icated in 
Table 6. This aggregation to the nine land groups by produ-
cing area is adjusted for projected increases in land used 
for irrigation through 1980 in the west as outlined in ![~~­
£g!~~al_!a~I-~~!an4~ (9). These available acreages also 
are adjusted for the land requirements of the exogenous crops 
as described previously and in Appendix 1. After these ad-
justments any land group with less than 1,000 acres is 
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Table 6. Land class and subclasses aggregated to the nine 
land groups!!/ 
Land Inventory class- Land Inventory class-
Groups subclass Groups subclass 
1 6 IVe 
2 lie 7 IVs, IVc, IVw 
3 I Is, II c, llw 8 all of V 
4 I lie 9 all of VI, VII 
& VII I 
5 I I Is, I II c, lllw 
!!/Inventory class and subclasses are as defined'by the 
Soil Conservation Service for the National InventorY (3). 
Table 7. Total dryland and irrigated acreages in the nine 
land groups!!/ 
Land Group 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Total 
Dryland acres 
(000) 
23458 
76672 
73748 
65598 
45838 
29034 
10738 
305 
12829 
338220 
Irrigated acres 
(000) 
5632 
7257 
4796 
3648 
4120 
1410 
1168 
14 
287 
28332 
,!!/Represents the total acres available for use by the 
endogenous crops. 
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aggregated to the next closest land group in erosion charac-
teristic. Each land group remaining by producing area forms 
a land restraint in the model, and the acreage so calculated 
forms the right-hand side or upper limit on the availability 
of land of that quality in the producing area. The acreage 
by land group at the national level, after the above adjust-
ments are made, totals 338,220 million acres of dryland and 
28,332 million acres of irrigated lands (Table 7). 
Dryland and irrigated nonrotation hay activities are de-
veloped from the acreages of hayland in the !!~~2na!~i~!~~t~­
£l with an estimate made of the lower yieldia~ wild hay from 
the 12~~-~~~2Y2_Q{_Ag£~£Y!tY~~ (34). These two groups, the 
wild hay and remaining nonrotation hay, are defined by produ-
cing area and are used as weights to adjust the cost and 
yield coefficients for tame hay and wild hay as reported in 
!~i£~ltY£al-!a~~£-~~~!g§ (9) to give a single tame, 
nonrotation hay activity by producing area. This activity 
contributes to the nonlegume hay balance in the relevant mar-
ket area. No nitrogen fertilizer use coefficient is devel-
oped for this activity. Water requirements for irrigated 
nonrotation hay activities are weighted from the activities 
described in lg£i£Y!1Y~~!_j~£2~-~~!ang2 (9) • 
The range and pasture category from the [~!!2na!_tn!~n-
t2I1 (3) gives dryland and irrigated nonrotation pasture ac-
tivities. The costs and yields are developed by transferring 
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the pasture activities reported in ![[i£Y11Y[!!_!~1!~~~!~~~ 
(9). The yields from these pasture activities contribute to 
the hay-equivalent measurement of pasture lani by producing 
area. The measurement of fertilizer use on the nonrotation 
pastures reflects the wastes of the livestock which are 
dropped while the animal is grazing. In order to quantify 
the requirements per acre and to reflect wastes produced 
while grazing, waste production of the animal is related to 
the consumption of roughage. This amount of waste per unit 
of roughage consumed is used to calculate the waste ~pplied 
per acre grazed as a function of the yield of hay equivalent 
roughage from the acre of pasture. 
The water coefficient for irrigated pasture is deter-
mined by adjusting the coefficient from irrigated pasture on 
farms as reported in !g[i~Yl~[a!-~~!~~-~!!aU~§ (9). A simi-
lar activity on dryland only is developed from the forest 
grazed category vith the coefficients being determined from 
the "pasture not on farms" activities described in !g~i~Y!-
1Y£~1-~a1~£_Q~~!Ua§. The fertilizer nitrogen coefficient is 
determined as for the pasture activities. The forest grazed 
activity represents mostly low-yielding lands which are 
grazed on an extensive basis and occur in lar~e blocks in the 
regions of the West. 
Pasture and hay production thus developed for each pro-
ducing area is included in the model as an activity with an 
upper bound equal to the estimated acreage in the producing 
area. These activities are then available to be considered 
as a source of roughage production depending on the per unit 
costs of the roughage produced. 
The water sector is developed directly from !g£i£~l1YI~l 
Wa1~&-R~!an~2 (9) except for an alteration on the transfers 
of water into the Southwest seacoast areas. An activity is 
defined in each of the 51 water supply regions to add to the 
supply of available water. These ~ctivities are of the form 
W(w)<U(w), where W(w) is the level of water-buying a9tivity 
in water-supply region v and U(w) is the upper limit on the 
activity equal to the dependable water-supply estimated for 
water-supply reqion w. AG additional water-supply activity 
is defined in all water-supply regions adjacent to a salt wa-
ter source which allows f~r desalting of ocean water. This 
activity has no upper limit but is given a cost of $100 per 
acre foot thus making it feasible only for extremely high re-
turn uses • .t 
The remaining group of activities controlling the avail-
ability of resources represents the nitrogen fertilizer buy 
activities. These activities, defined by prod.ucing area, 
allow for the purchase of nitrogen fertilizer to meet the re-
tThe $100 per acre foot cost is an estimate of the per 
unit cost of presently feasible large scale desalting at-
tempts {9) • 
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quirements of the cropping management system. The costs as-
sociated with these activities are determined from state fer-
tilizer prices over the 1969-1971 period (27). These activi-
ties have no upper bound preventing fertilizer scarcity from 
placing any production limitation on the crop sector. 
Ih~2~!2~i!Y-a~Q_r~22~££~-~£g~2!~£-2~£ii2~2 
Transfer activities are used in the model to transport 
commodities from areas of surplus production to areas of 
excess demand, to transfer water on a downstream flow or 
through interbasin channels, and to change the qualfty param-
eter in the beef market. 
The commodity transportation activities are defined for 
the crops--barley, corn, oats, sorghum, soybe~ns, and wheat, 
and for the livestock products--fed beef, nonfed beef, pork, 
feeders, and dairy products on a milk equivalent basis. 
Transportation activities move the commodities between 
adjacent market regions and over some long ha~l routes if the 
long haul rail mileage is less than 90 percent of the miles 
associated with a movement through all intermadiate markets. 
No discrepancy occurs as market handling costs are not 
charged at each ~int and the transportation =ost functions 
utilized are linear in distance (9). The activities for 
transporting commodities are of the form O<T(i,j,k)< oo, where 
T(i,j,~ is the quantity of commodity i transported from mar-
ket region j to market region k, with j and k having defined 
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values in the range from 1 to 30 except j= k. 
The transfer of water has two components, the downstre~m 
flow and the interbasin flows. The dovnstreaa flow simulates 
natural water movement and is defined such that WNij < .75Wi, 
where WN(i,j) is the level of water transfer by natural flow 
from water supply region i to water supply re1ion j, and W(i) 
is the total quantity of water available for use in water 
supply region i. This restrained activity allows f~r only 75 
percent of the available water to be moved as outlined in A~­
£i£Yl~Y£~l-Ka1~£-~~!~!~2 (9) • The second water tran~fer is 
the interbasin transfer system where existing interbasin 
transfer systems are simulated. The activities are of the 
same mathematical form as the natural flow tr~nsfers except 
the bound represents the capacity of the system rather than 
the water availability. 
The final transfer sector is more realistically a tran3-
formation activity as the model allows fed beef to be used ~s 
part of the supply requirements to meet the nonfed beef de-
mand. This activity approximates slaughtering cattle in a 
less finished state to be used as lover-quality meat. If 
this type of substitution were not possible, axcess livesto=k 
(dairy andtor beef cows) could be introduced into the model 
to satisfy the nonfed beef demand, thereby producing an 
excess of the primary products# milk and feeders. 
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The description of all the coefficients used in the 
model have now been completed. The following secti~n indi-
cates how these are related to the model's restraints. 
Regional Restraints Imposed on the Model 
Restraints on the level of an activity or group of ac-
tivities are included in the linear programming model at the 
producing area, water supply region, market region, and na-
tional levels. Restraints have already been explained for 
certain of the activities, such as the population industry, 
water buy, water transfer, export, and the nonrotation 
pasture and hay activity groups. It remains to define one 
individual activity restraint regulating soil loss and the 
group restraints on commodity balances, water use and trans-
fer, land quantity, pasture availability, the nitrogen fer-
tilizer balance, and commodity demands. 
!!~§.1re.in.12_!!:e2!i~g__s!._!;;h ~-£.[ .Qg.!! £!n.~Ls~!i!!;-l~!.~! 
A restraint at the producing area level, not covered by 
the individual activity restraints already defined, is used 
to control the per acre soil loss by the crop management sys-
tem. Also, restraints at the producing area level control 
the acres of land available for use by quality group, the 
fertilizer nitrogen balance, and the rougaage equivalent pr~­
duction from pasture. rhe soil loss restrictions are of the 
form SL(i,j)<MSL where SL(i,j) is the calculated per acre 
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soil loss associated with crop management system i in produ-
cing area j, and ~SL is the maximum allowed soil loss. A 
maximum soil loss restraint is imposed equally on all lands 
in all producing areas. (It would be possible to conduct the 
same analysis imposing different upper limits on soil loss on 
each land group and in each producing area). This restraint 
is not directly executed in the programming model but is a 
pre-solution condition. Each activity is evaluated as the 
model is constructed, and only those crop management systems 
which have a determined soil loss less than the per ~ere 
limit are included for that analysis. 
The restraints regulating the availability of land by 
quality class make up the base for the entire model. rhe use 
of the land available provides an easy means of either ex-
panding or contracting agricultural output. In the coeffi-
cients section, the land class groups are outlined along with 
the method of calculating the acreages available for use 
given the requirements for the exogenous crops. A possible 
18 land restraints for each producing area are defined, 9 for 
each of the dryland and irrigated possibilities. The level 
of use of the available dryland or irrigated cropland is de-
termined by restraints of the general form. 
i = 1, 
j = , , 
E X(i,j,k)A(i,j,k) ~ L(i,j) 
k 
... , 223 for the producing areas, 
... , 18 for the land classes defined, 
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k = 1, 2, ••• , for the number of crop management sys-
tems defined on land class j in producing area i, 
where: 
A(i,j,k) is the acres of cropland definei in rotation k 
on land class j in producing area i; 
X(i,j,k) is the level of use of rotation kin land 
class j in producing area i; 
L(i,j) is the acres of cropland on land class j avail-
able for use in producing area i. 
The land groups run 1 through 18 with 1 through 9 indi-
eating dryland (the only alternative in areas where water 
supplies are not defined) and 10 through 18 indicating the 
potentially irrigated lands. When irrigated =ropland is in-
eluded, the activities defined for possible use on the land 
include irrigated as well as dryland possibilities. Thus, if 
the water supply is fully utilized prior to using all 
possibly irrigated lands, the land unused for irrigation may 
be switched to rainfed agricultural uses. The model does not 
include the possibility of irrigated activities on dryland 
acres even when excess water is available. 
The second general restraint defined at the producing 
area level regulates the production, purchase, and use of 
fertilizer nitrogen. Fertilizer nitrogen is balanced at the 
producing area level rather than the market region lev~l to 
prevent the production of livestock wastes in one producing 
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area and the consumptioD ~f the nitrogen from these wastes in 
another producing area within the market regi~n. Tme fertil-
izer nitrogen restraint has the form: 
EY(i,m)L(i,m) + Z(i)- EEX(i,j,k)A(i,k) -I: P(i,n)N(i,n) 
m j k n 
+ EL (i) - EC (i) = 0 
i = 1, ... , 223 for the producing areas, 
j = 1, ... , 1B for the land classes, 
k = 1, 2, ... , for the number of rotati~ns defined on 
land class j in producing area i, 
m = 1, 2, •••• for the number of livest~ck activities 
defined in producing area i, 
n = 1, ... , 5 for the permanent pasture and hay activi-
ties, 
where: 
L(i,m) is the pounds of fertilizer nitrogen equivalent 
produced in the wastes of livestock activity ~ in 
producing area i; 
Y(i,m) is the level of operation for livestock activity 
m in producing area i; 
Z(i) is the number of units of fertilizer nitr~gen pur-
chased iD producing area i; 
A(i,k) is the per acre nitrogen equivaleDt requirement 
of rotation k on land class j in proaucing area i; 
X(i,j,k) is the level of use of rotation k on land 
class j in producing area i; 
EL(i) is the level of fertilizer nitrogen equivalents 
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produced by the exogenous livestock in producing 
area i; 
EC(i) is the level of fertilizer nitrogen equivalents 
required by the exogenous crops in producing area i; 
P(i,n) is the level of permanent pasture or hay activi-
ty n in producing area i; 
N(i,n) is the per acre requirements of fertilizer ni-
trogen equivalents for permanent pasture or hay type 
n in producing area i. 
These nitrogen restraints are in the form of eq.ualities. 
This formulation requires sufficient nitrogen fertilizer to 
be produced or bought for use (as would be done with a 
"greater than" restraint) and also prevents surplus fertiliz-
er nitrogen from accumulating in the producinq area (as might 
be the case if a concentration of livestock develops with in-
sufficient crop or permanent pasture or hayland on which to 
dispose of the wastes}. For computational purposes, these 
restraints are allowed a limited deviation from the equality 
constraint when solving the model. 
The final producing area restraint balances pasture pr~-
duction and utilization on a producing area basis. All units 
are defined in terms of tons of hay equivalent per acre ra-
ther than acres of pasture. With this restraint defined by 
producing area, use of pasture can be controlled by producing 
area rather than by market region so that livestock in one 
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producing area cannot consume pasture located in any other 
producing area within the same market region. rhe restraints 
are of the form: 
I:X(i,j)AP (i,j) + I:P (i,n) PY(i,n) - I:Y(i,k)PC(i,k) 
j 
i = 1, ••• , 
j = 1, ••• , 
area i, 
n k 
223 for the producing areas, 
for the rotations defined in producing 
n = 1, ••• , 3 for the permanent pasture activities, 
~ 
k = 1, ••• , for the livestock activities defined in 
producing area i, 
0 
where: 
X(i,j) is the level of crop rotation j in producing 
area i; 
AP(i,j) is the per acre yield of aftermath pasture by 
rotation j; 
P(i,n) is the acres of pasture activity n in producin~ 
area i; 
PY (i,n) is the yield of pasture activity n in produ-
cing area i (in hay equivalents); 
Y(i) is the level of livestock activity kin producin~ 
area i; 
PC(i,k) is the per unit level of pasture consumption 
by livestock activity k in producin~ area i. 
Aftermath pasture is the grazing equivalent received 
from cropland after harvest or in the early spring before the 
crop develops. These balance equations complete the set of 
54 
rb:>tl·a i li L .. defined by producing a[' ea. The firul ['esoui:'ce re-
~,i.raint is defined by water supply region. 
The only restraint defined by wa tc..,I.:' :->HJ• ply I.:'egi on regu-
l~tes the use of water for all purposes such that it remain~ 
~~~~ than the quantity available, including any inflows de-
fined. The restrdints in this set are of the form: 
WB(w) + tl! (w) + WI(w) - WO{w) - WX(w) - WE{w) 
L:WR{n,i)R{n,i) - I: ZX(i,j)ilU(i,j) 
n ie w j 
L: L: Y (i, k) WL (i,k} - WP (i) PN {i) ~ 0 
iew k 
i = 1, . . . , 223 for the producing area, 
j = 1, ... ' for the cropping :~.ctivities lefine:i in pro-
ducing area i, 
k = 1, . . . , for the livestock activities defined in 
producing area i, 
n = 2, 4 for the irrigated permanent pasture and 
hay, 
w = 1, 
• • • I 51 for the water supply regions, 
where: 
WB(w} is the level of the water buying activity in wa-
ter supply region w; 
WT(w) is the level ~f the net natural water transfer 
associ a ted with water supply region v; 
WI(w) is the level of the net interbasin transfer of 
water associated with water supply region v; 
WO(v) is the level of water use for onsite needs in 
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water supply region w; 
WX(w} is the level ~f water exports from water supply 
region w; 
WE(w) is the level of water use for exogenous crops 
and livestock in water supply region w; 
WU(i,j} i5 the pee acee watee use by cropping activity 
j in producing area i; 
X(i,j) is the level of use of cropping activity j in 
producing area i; 
WL(i,k} is the pee unit requirement for water by live-
stock activity k in producing aeea i; 
Y(i,k) is the level of use of livestock activity k in 
producing area i; 
WR (n,i) is the per acee requirement for water by pee-
manent eoughage activity n in peodu=ing aeea i; 
R(n,i) is tae level of use of permanent roughage ac-
tivity n in producing area i; 
WP{i) is the level of water use per person in produ-
cing area i; 
PN(i} is the number of persons in producing area i. 
All measurements are in acre feet of water per unit of 
activity. Of activities interacting in this restraint, the 
water buy, water transfer, interbasin flow, water for onsite 
uses, water exports, water for exogenous crops and livestock, 
and water for the permanent pasture and hay uses all are con-
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trolled by individual activity bounds regulating their level 
of incorporation in the m~del as explained with the defini-
tion of the relevant activities. 
The restraints at the market region level act as the 
market balancing mechanism for each of the commodities.! 
Each producing area in the market region interacts iirectly 
with these market restraints to satisfy its requirements for 
commodities as resources or to market the commodities pro-
duced in the area. Transportation activities link the com-
modity markets of adjacent market regions and allow the 
transfer of commodities t~ facilitate the interregional com-
parative advantage characteristics and satisfy the demands of 
the model. These restraints are of the general form: 
L: L:CC(i,j,p) X (i,j) + 
ie m j 
:E L: C L (i, k , p) Y (i, k) 
ie II k 
+ ~T(p,q,m) + PC(i,p)N(i) + E(p,m) - X(m,p) ~ 0 
g 
i = 1, ••• , 223 for the producing areas, 
j = 1, ••• , for the cropping activities defined in 
producing area i, 
1The commodities include the crop products--barley, 
corn grain, legume and nonlegume hay, oats, oilmeals, s1lage, 
sorghum grain, and wheat, and the livestock products--fed and 
nonfed beef, dairy products (in milk equivalent), feeders and 
pork. 
57 
k = 1, ••• , for the livestock activities defined in 
producing area i, 
m = 1, ••• , 30 for the market regions, 
p = 1, ••• , 15 for the commodities, 
q = 1, ••• , for the transportation activities defined 
in market region m, 
where: 
CC(i,j,p) is the per unit production of commodity p by 
crop activity j in producing area i; 
X(i,j) is the level of use of cropping activity j in 
producing area i; 
CL(i,k,p) is the per unit use or production of commodi-
ty p by livestock activity k in producing area i; 
Y(i,~ is the level of use of livestock activity k in 
producing area i; 
T(p,q,m) is the net movement of commodity p on trans-
portation route gin market region m;l 
E(p,m) is the net export of commodity p from market 
region m; 
PC{i,p) is the per capita consumption of commodity p 
in producing area i; 
N(i) is the population level in produ=ing area i; 
X(m,p) is the net use of commodity p by the exogenous 
!Transportation activities are defined for the crop 
commodities--barley, corn, oats, oilmeals, sorgmu•, and 
wheat, and the livestock products--dairy products, fed beef, 
feeders, nonfed beef, and pork. 
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livestock in market region m. 
The restraints balance the distribution and pr~duction 
of each of the commodities allowing for the interactions of 
the commodities as intermediate goods, where applicable, and 
also for the level of international trade. 
~§tr~in!2-~f!~ed_~i-ih~-n~ti2n~l-!~Y~! 
Individual restraints at the_national level simulate tae 
markets for cotton, sugar beets, and spring wheat. Each of 
the producing areas which has the ability to produce these 
commodities feeds directly into the national market. The re-
straints have the general form: 
L:L: X (i, j, p) CC (i,j,p) - Q (p) - E (p) > 0 
i j 
i = 1, ••• , 223 for the producing areas, 
j = 1, ••• , for the rotations defined in producing 
area i containing production possibilities for com-
modity p, 
p = 1, 2, 3 for the commodities balanced at a national 
level, 
where: 
CC(i,j,p) is the per unit production of commodity p by 
crop activity j in producing area i; 
X(i,j) is the level of use of cropping activity j in 
producing area i; 
Q(p) is the demand quantity for commodity p; 
E(p) is the net export level of commodity p. 
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National activities are defined for cotton and sugar beets, 
as no definite regional market is defined. In the case of 
spring wheat the regional allocation is contr~lled by the 
total wheat equilibrium by market area and the natiJnal re-
straint is defined only to ensure that sufficient of the 
wheat be of the spring varieties. 
The Objective Function 
The objective function in the model is daveloped to mil-
imize the cost of producing the national agricultural bill, 
including both aomestic and export demands, given the avail-
able land, water and fertilizer nitrogen resources, environ-
mental goals, and the technology implied in the defined ac-
tivities. It also requires that costs of resJurces used in 
production are covered, thus simulating a long-run competi-
tive equilibrium of agriculture. The restraints on the ob-
jective function include balancing all markets as outlined in 
the market region and national market restraint sets. The 
objective function includes the costs of production, resour~e 
purchase, transfer, and transport as it minimizes the cost of 
the national agricultural bill and, considering only the 
nonzero elements, is of the form: 
minimize l:(l: (X (i,j) cc (i, j)) + 2:: Y (i,k) LC (i,j) 
ij k 
+ r;P(i,n) PC(i,n) + F(i) FC(i)) + iB(11) WC(w) 
n 
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+ WD(w)DC{Ii) + WT(w)TC(w) + E E ET(m,p,q)TC(m,p,g) 
m P q 
i = 1, ••• , 223 for the producing areas, 
j = 1, ••• , for the crop management systems in produ-
cing area i, 
k = 1, ••• , for the livestock activities in producing 
area i, 
m = 1, ••• , 30 for the market regions, 
n = 1, ••• , 5 for the nonrotation hay amd pasture ac-
tivities, 
p = 1, ••• , 15 for the commodities considered in mar-
ket area m, 
q = 1, ••• , for the transportation activities defined 
in market area m for commodity p, 
w = 1, ••• , 51 for the water-supply regions, 
where: 
X(i,j) is the level of crop activity j in pro~ucing 
area i ; 
CC(i,j) is the cost per unit of crop activity j in 
producing area i; 
Y(i,k) is the level of livestock production activity k 
in producing area i; 
LC(i,j} is the cost per unit of livestock activity k 
in producing area i; 
P{i,n) is the level of nonrotation pasture or hay ac-
tivity n in producing area i; 
PC(i,n) is the cost per unit of nonrotation pasture or 
hay activity n in producing area i; 
F(i) is the level of fertilizer nitrogen purchase in 
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producing area i; 
FC(i) is the cost per unit of fertilizer nitrogen pur-
chase in producing area i; 
WB(w) is the level ~f water buying in water-supply re-
gion v; 
WC(w) is tha cost per acre foot of water buying in 
water-supply region v; 
WD(w) is the level ~f water desalting in water-supply 
region w; 
DC(w) is the cost per acre foot of desalting water in 
water-supply region w; 
WT(w) is the level ~f water transfer through natural 
flow, exports or interbasin transfers from water-
supply region v; 
TC(w) is the cost per acre foot of water transferred 
from water-supply region w; 
T(m,p,~ is the level of transportation for commodity p 
through transport activity q from market region m; 
TC(m,p,g) is the cost per unit of transporting =ommodity 
p through transport activity q from market region 
m. 
The per unit costs defined in the objective function include 
only the purchase and utilization of resources exterior to 
the model. That is, no charge is included for internal 
inputs such as land, fertilizer, or livestock feeds. 
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SOIL LOSS RESTRICTIONS AND TRADEOFFS IN 
AGRICULTURAL PRODUCTION, RESOURCE USE, 
AND PRICES 
The soil loss analysis is based on four solutions of the 
programming mod6l. The solutions simulate production possi-
bilities with (a) no restriction on per acre soil loss, (b) a 
10 ton per acre upper limit on soil loss, (c) a 5 ton pee 
acre upper limit on soil loss, and (d) a 3 ton per acre upper 
limit on soil loss. The four solutions provide approxima-
tions of the agricultural production pattern at specific 
points on a continuum with (a) the unrestricted alternative 
on one end and (b) some minimum soil loss level, consistent 
with production to satisty the defined demands, at the other 
end. The 10, 5 and 3 ton restriction alternatives provide 
estimates at intermediate points along the continuum. Given 
the tradeoffs in resource use and production patterns at both 
the inter- and intraregional level, the policy maker can de-
termine the point along the continuum which approac~es "equi-
librium," given the policy maker's concept of the public's 
social welfare function. 
Each alternative s~lution estimates the agricultural 
production and resource use pattern in 2000, subject to the 
conditions upon which the model is built. The unrestricted 
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soil loss model estimates production patterns given in a free 
market for the outputs and inputs and a nonrestrictive trans-
portation network. The only rest~aint preventing a complete-
ly free market allocation of the factors is a semi-
environmental raquirement, the fertilizer nitrogen balance. 
It prevents livestock production in areas where land is in-
sufficient to allow livestock waste disposition at a level 
which provides more nitrogen than the cropping pattern is Ci-
pable of utilizing efficiently. The three restricted models 
of this section operate under the additional restraint 
simulating upper limits on per acre gross soil loss. 
Model solutions reflect changes in land use patterns, 
resource use levels, farming practices employed, water allo-
cation, agricultural income, and at the national levels, farm 
level food prices. The four solutions represent movement 
along the continuum of soil loss per acre and reflect the 
trade-offs in the above factors. The results provide esti-
mates of the level and distribution of land and water use, 
crop production, total and per acre soil loss, the erosion 
control measures utilized to achieve the proposed level of 
erosion control, farm level prices and farm level expendi-
tures for alternative crop inputs. Most of tnese data are 
generated for each of the 223 producing areas. However, be-
cause of space limitations, the data are presented at the na-
tional level and at a regional level for those variables 
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where regional variation is important to the impliel produc-
tivity changes. The seven zones used for reporting the dat~ 
are approximated in Figure 8. Initially, a comparison is 
made of the production patterns under the unrestricted soil 
loss model and the production patterns depicted by the most 
recent comparable data available.t Then, in following sec-
tions, the comparison is made of trade-offs and impacts of 
successively lower levels of allowable soil loss. 
Production Patterns Under No Soil Loss Restriction 
The unlimited soil loss model serves as tne benchmark 
model in the analysis against which the other models are coi-
pared to determine the implications of the alternative levels 
of restriction on soil loss. The optimizing tecnni1ues used 
in mathematical programming estimate the optimum production 
patterns subject to tne defined constraints at the national 
level. 
Land use comparisons indicate the acreages and the rela-
tive concentration of crops by land class and by region for 
both dryland and irrigated alternatives. A continuation of 
the land use analysis indicates tne additional production ca-
-----liOSt-of~he-data for the comparisons are obtained from 
the !2[I_!~ti2B~l-I~!~!~2~1 (3) • 
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pacity remaining in agriculture. 
With a free market assumed for agricultural outputs, 
land use patterns distribute crops in areas of greatest com-
parative advantage. The crop quantities grown are those 
which meet the demands of the model at least cost. Projected 
yield increases and changes in feed conversion rates allow 
for the production of the agricultural bill ia 2000 on a 
smaller acreage than the 1967 cropland base. Dryland acrea3e 
used for production of all agricultural commodities is lower 
for 2000 than in 196 7 (Tables 7 and 8) • Land for exogenous 
crops in both 1967 and 2000 is 12 million acres. The total 
dryland acreage under the unrestricted soil loss alternative 
for 2000 is 38 percent less than in 1967. However, 
cultivated land use in 2000 is only about 6 percent below t~e 
1967 acreage. Shifts by crops show a variation consistent 
with minimizing the cost of the agricultural bill in 2000. 
The acreage by crop group for 1967, Table 8, !nd for 2000, 
Table 9, indicate a reduction of 4.9 million acres or 3.4 
percent for row crops, 23.6 million acres or 25.3 percent for 
the close-grown crops, and an increase of 0.8 million acres 
or 1.2 percent in hayland acres. Hay production reflects a 
switch toward cultivated roughage and away from permanent 
pasture and wild haylands. This shift is encouraged as the 
livestock move to areas where their wastes have an income, 
rather than a cost for disposal. The smaller shift in row 
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Table 8. Dryland crop acreages in major zones by soil capability class 
in 1967 
Zone and Close All 
Pasture.£./ Other~./ soil class Row grown hay!!. I Total 
-- (000 acres) 
United States 143905 93832 65548 614311 35036 952632 
I, II 88747 47000 28657 58111 12779 235294 
IIIE, IVE 28064 28908 20889 111908 12896 202665 
Other III-IV 23499 14447 9976 49902 7266 105090 
V· VIII 3595 3477 6026 394390 2095 409583 
North Atlantic 5071 2660 8749 9539 571 26590 
I, II 2967 1337 3600 1893 266 10063 
IIIE, IVE 908 732 2654 2813 141 7248 
Other III-IV 1001 453 1770 1558 73 4855 
V-VIII 195 138 725 3275 .91 4424 
South Atlantic 15243 2313 3389 32029 1491 54445 
I, II 9191 1271 1234 5226 294 17216 
IIIE, IVE 2035 617 1231 6051 109 10043 
Other III-IV 3578 321 405 10843 938 16085 
V-VIII 439 104 519 9909 130 11101 
North Central 74690 28801 31446 46708 4021 185666 
I, II 54327 19826 16761 13767 2913 107594 
IIIE, IVE 10681 4452 8468 12260 509 36370 
Other III-IV 8452 3933 4003 4865 475 21728 
V-VIII 1230 590 2214 15816 124 19974 
South Central 37161 23667 10637 169350 4272 \ 245087 
I, II 18069 11928 3802 27786 1735 63320 
IIIE, IVE 8968 7734 4088 45325 1384 67499 
Other III-IV 9139 3346 1811 17878 973 33147 
V-VIII 985 659 936 78361 180 81127 
Great Plains 8073 27567 9093 185352 19565 249650 
I, II 3983 11204 2676 7551 6912 32326 
IIIE, IVE 3275 11193 3621 34130 8211 60430 
Other III-IV 433 3552 1292 8274 3146 16697 
V-VIII 382 1618 1504 135397 1296 140197 
North West 93 5980 2158 47651 3883 59765 
I, II 61 1183 559 945 468 3216 
IIIE, IVE 7 3145 798 5069 2176 11195 
Other III-IV 20 1427 677 2298 1055 5477 
V-VIII 5 225 124 39339 184 39877 
South West 3574 2844 76 123682 1253 131429 
I, II 149 251 25 943 191 1559 
IIIE, IVE 2190 1035 29 6260 366 9880 
Other III-IV 876 1415 18 4186 606 7101 
V-VIII 359 . 143 4 112293 90 112889 
Source: ( 3 ) . ~/Includes rotation hay, other hay and cropland pasture. 
E-jinc1udes permanent pasture, rangeland and forest grazed. 
£ Includes summer fallow, orchards and vineyards. 
Table 9. 
Zone 3.nd 
soil class 
United states 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
North Atlantic 
I, II 
IIIE, IVE 
Other: III,IV 
V-VIII 
South Atlantic 
I,II 
IIIE,IVE 
Other: III,IV 
V- VI II 
North Central 
I,II 
IIIE,IVE 
Other: III,IV 
V-VIII 
south Central 
I,II 
IIIE,IVE 
Other III, IV 
V- VI I I 
Gr:eat Plains 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
Nor:th West 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
south West 
I, II 
IIIE, IVE 
Other: III,IV 
V-VIII 
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Dcyland acreages in major zones with unlimitei 
soil loss and 69-71 avecaqe exports in 2000 
(Model A) 
Row 
13 8 9 80 
1013 49 
2 216 3 
1524 8 
220 
3713 
3320 
216 
162 
15 
10691 
7979 
1152 
1476 
84 
90902 
71954 
1126 6 
7656 
26 
27510 
1406 4 
793 3 
5487 
26 
4210 
3246 
776 
161 
27 
335 
77 
37 
20 7 
14 
1619 
709 
783 
99 
28 
Cl:>se 
gr:own 
All h3.y~/ P3.stuce Ot~erl/ r:>tal 
(000 3.cres) 
70205 
38536 
21934 
9500 
235 
1698 
1193 
491 
1 1 
3 
3201 
2387 
383 
428 
3 
19440 
16121 
2659 
642 
18 
19863 
8753 
6447 
4563 
100 
15015 
6574 
6025 
2359 
57 
6235 
1334 
3424 
1460 
17 
4753 
2174 
2505 
37 
37 
66333 
29197 
13908 
5998 
347 
1614 
493 
5 
0 
0 
2007 
1218 
48 
0 
0 
16755 
7918 
2767 
162 
0 
27185 
11970 
7285 
4817 
183 
14199 
6443 
2279 
84 
0 
3048 
904 
499 
830 
21 
1525 
251 
1025 
105 
143 
303059 
0 
0 
0 
0 
6806 
0 
0 
0 
0 
23592 
0 
0 
0 
0 
29775 
0 
0 
0 
0 
110694 
0 
0 
0 
0 
41388 
0 
0 
0 
0 
24515 
0 
0 
0 
0 
66289 
0 
0 
0 
0 
7584 
2543 
2196 
27 02 
241 
295 
1 37 
81 
45 
32 
1505 
229 
70 
1166 
140 
215 
70 
54 
70 
21 
1124 
2 51 
518 
] 31 
21J 
4071 
1764 
1355 
952 
0 
319 
77 
97 
1 31 
14 
55 
15 
23 
7 
10 
566261 
171625 
60203 
33448 
1043 
14126 
5143 
793 
218 
50 
IJ1096 
11813 
16 53 
3070 
227 
157087 
96063 
16746 
8530 
65 
186376 
35038 
22183 
15198 
333 
78883 
18027 
10435 
3556 
84 
34452 
2392 
4057 
2628 
66 
74241 
3149 
4336 
248 
218 
~/Including other hay and cropland pasture. 
llsummer fallow lands and orchards 1nd vin3y3.rds. 
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crops, as compared to the close-grown crops, is indicative of 
the greater production of nutrients per acre by the row crops 
at a lower per unit cost as the two groups of commodities 
substitute in the livestock rations. 
A reduction of 20 percent in irrigated a~reage (Table 10), when 
compared to the 1967 acreages, occurs under the 
unrestricted soil loss model, Table 11. Irrigated row 
crops decline by 8 million acres and account for over 80 per-
cent of the reduction in total irrigated acreage. (Total ir-
rigated acreage includes nearly 8 million acres of exogenous-
ly determined irrigated crops.) 
A££g~gg_y1!li~s~!2U_£!_is~g_cl~~~ 
One reason for the reduced acreage in 2000 is the shift 
in production to the less erosive and more productive ~lass I 
and II lands relative to the 1967 cropping patterns. Nearly 
73 percent of the row crops under the unrestricted soil loss 
alternative are grown on the class I and II lands, compared 
to about 62 percent in 1967. For the close-grown crops, 55 
percent of the acreage is on class I and II lands under the 
unrestricted soil loss ~odel compared with approximately 50 
percent in 1967. Part of the shift results from the lower 
total acreage in production and most of the a~res not in use 
in 2000 are in the more erosive land classes. During the 
period 1960-1972, approximately 50 million acres of land were 
withdrawn from production under government farm programs. 
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Table 10. Irrigated crop acreages in major zones by soil class in 1967 
Zone and Close All a/ Pastur~/ Other.£/ soil class Row grown hay- Total 
(000 acres) 
United States 16085 6801 12079 3010 1998 39973 
I, II 11763 3771 4622 759 1151 22066 
IIIE, IVE 2108 978 2275 633 299 6293 
Other III- IV 2108 1968 4032 992 513 9613 
V-VIII 106 84 1150 626 35 2001 
North Atlantic Not available 
I, II 
IIIE, IVE 
Other III-IV 
V-VIII 
South Atlantic Not available 
I, II 
IIIE, IVE 
Other III-IV 
V-VIII 
North Central 68 1 7 0 0 76 
I, II 42 1 6 0 0 49 
IIIE, IVE 2 0 0 0 0 2 
Other III-IV 24 0 1 0 0 25 
V-VIII 0 0 0 0 0 0 
South Central 2506 1168 115 180 118 4687 
I, II 2112 701 332 109 103 3357 
IIIE, IVE 285 90 18 52 15 460 
Other III- IV 99 371 363 5 0 838 
V-VIII 10 6 2 14 0 32 
Great Plains 4889 1805 6545 1628 53 14920 
I, II 3698 882 2107 236 19 6942 
IIIE, IVE 677 428 1526 422 20 3073 
Other III-IV 476 449 2074 535 12 3546 
V-VIII 38 46 839 435 2 1359 
North West 1801 1545 3513 872 949 8680 
I, II 957 585 1378 275 582 3777 
IIIE, IVE 188 253 613 71 154 1279 
Other III-IV 639 683 1229 396 193 3140 
V-VIII 17 24 293 130 20 484 
South West 6821 2282 1299 330 878 11610 
I, II 4954 1602 799 139 447 7941 
IIIE, IVE 956 207 118 88 110 1479 
Other III-IV 870 465 365 56 308 2064 
V-VIII 41 8 17 47 13 126 
Source: ( 3 ) • 
a/Includes rotation hay, other hay and cropland pasture. 
b/Includes permanent pasture, rangeland and forest grazed. 
£/Includes summer fallow, orchards and vineyards. 
Table 11. 
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Ierigated aceeages in majoe zonas witm 
unlimited s~il loss and 69-71 aveeage expoets 
in 20 0 0 {Model A) 
-------------------------------------------------------------
Zone and 
soil class Row 
Close 
geovn 
All hay~/ Pastuee Ot~ee~/ Total 
United states 
I,II 
IIIE,IVE 
Ot hee III, IV 
V-VIII 
Noeth Atlantic 
I, II 
IIIE,IVE 
Othee III, IV 
V-VIII 
South Atlantic 
I, II 
IIIE,IVE 
Ot hee III, IV 
V-VIII 
Noeth Centeal 
I, II 
IIIE,IVE 
Othee III,IV 
V- VIII 
South Centeal 
I, II 
IIIE,IVE 
Ot hee III, IV 
V-VIII 
Geea t Plains 
I, II 
IIIE,IVE 
Othee III,IV 
V-VIII 
Noeth West 
I,II 
IIIE,IVE 
Othee III,IV 
V-VIII 
south West 
I,II 
IIIE,IVE 
Othee III,IV 
V-VIII 
9246 
6961 
128 2 
980 
23 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
24 
22 
2 
0 
0 
1156 
888 
160 
10 8 
0 
330 2 
2506 
472 
318 
6 
1405 
914 
149 
329 
13 
3359 
2631 
499 
225 
4 
{000 acees) 
5330 
2184 
851 
2291 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
880 
524 
64 
289 
3 
1177 
633 
376 
168 
0 
1528 
617 
318 
592 
1 
1745 
410 
93 
1242 
0 
12402 
5108 
598 
600 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
435 
326 
0 
109 
0 
262 
161 
77 
4 
2 
6852 
2410 
157 
380 
0 
2631 
1141 
349 
94 
0 
2222 
1070 
15 
13 
0 
2921 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
472 
0 
0 
0 
0 
23EJ1 
0 
0 
0 
0 
68 
0 
0 
0 
0 
1519 
~48 
205 
!J44 
22 
0 
0 
0 
() 
0 
0 
0 
0 
() 
0 
0 
0 
0 
0 
0 
92 
91 
1 
0 
() 
8 
3 
3 
2 
0 
701 
450 
100 
140 
11 
:J18 
404 
1 01 
302 
11 
~lncluding othee hay and cropland pastuee. 
~Summee fallow lands and oechaeds and vinayards. 
31518 
15201 
2936 
4315 
51 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
459 
348 
2 
109 
0 
2390 
1664 
302 
401 
5 
11811 
5552 
1008 
868 
6 
8646 
3122 
916 
1155 
25 
8212 
4515 
708 
1782 
15 
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The lanj not faLmed was n~t selectively allocated to the more-
erosive, less-productive soils. In this study, land pLevi-
ously retired is allowed to return to use. Hence, the more 
pLoductive of it Leplaces less-productive lands formerly 
cropped on a greater than 1: 1 basis. 
Little change is shown in the land capability class con-
centration of the irrigated row CLOps with 73 percent of the 
2000 and 73 percent of the 1967 production being on class I 
and II lands, Tables 10 and 11, respectively. A lower per-
cent of the irrigated close-grown crops is on class I and II 
lands in 2000 (41 percent} than in 1967 (55 parcent). A 
reason for the reduction in close-grown crops on class I and 
II lands is the greater quantity of these lands used for ex-
ogenous crops in 2000, with the remaining acreage used for 
row crops in class I and II lands. As the data in Table 11 
indicates, there is essentially no class I and II land capa-
ble of being irrigated that is not used in 2000. 
g~giQns!_1sng_~~§-Eattgrn2 
A second factor contributing to the redu~ea total acre-
age required in 2000 is tne ability for the production of 
crops and livestock to shift to areas of greatest comparative 
advantage. The South Central Region has 31.8 percent of the 
dryland acreage in 2000, compared with 25.7 percent in 1967. 
Other zones which increase in the proportion of the dryland 
acreage in 2000 when compared to 1967 include {with 1967 per-
13 
centage in parentheses} the No~th Central with 26.8 pe~cent 
(19.5 percent) and the South Atlantic with 7.0 pe~cent {5.7 
percent). The Great Plains zone has a total 2000 dryland 
acreage of 13.5 percent, compared to 26.2 pe~cent in 1967. 
Considering only the dryland acreage of ~ow cr~ps~ the 
North Cent~al with 65.4 percent, the South Central with 19.8, 
and the South Atlantic with 7.7 percent account for 92 per-
cent of all dryland row crop acreage in 2000, Figu~e 9. In 
1967, these same zones accounted fo~ 88 pe~cent. These shifts 
a~e cons is tent with the dryl and yields of tile ~egions. The 
North Central has yield advantages for corn and soybeans. 
The South cent~al and s~uth Atlantic regions have yield ad-
vantages for d~yland cotton, soybeans and so~~hum (35). 
Concentration of close-grown crops is in the S~uth Cen-
t~al with 28.3 pe~cent, the North Central with 27.7 pe~cent, 
and the Great Plains with 21.4 pe~cent of the national acre-
age. These zones account for ove~ 85 percent of the 2000 
dryland close-grown crop ac~eage compared to 77 pe~cent in 
1967, Figure 10. These same three zones account for ove~ 87 
pe~cent of the dryland hay acreage in 2000 in the unrest~ict­
ed soil loss alternative, compa~ed to 78 percent in 1967, 
Figure 11. 
The regional p~oduction patterns of the ir~igated c~op3 
do not show changes similar to those which occurred for the 
dryland crops. 
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Production Patterns with Restrictions on Soil Loss 
The data are presented as observations along a continuum 
such that points intermediate to the observations and in con-
parison with the unrestricted soil loss model might be 
approximated by interpolation between the two most adjacent 
points. The analysis following covers trade-~ffs in soil 
loss, land use, production alternatives, and resource use as 
the level of per acre soil loss is reduced. 
~211_12~§_1~!~12 
Evaluation of a possible reduction in soil loss from 
cultivated lands is a majJr objective of this study. rhe al-
ternative soil loss restrictions are examined from both na-
tional and regional standpoints. Soil loss is examined by 
soil class and conservation practice. 
The level of total sJil loss declines as the limit on 
per acre soil loss is reduced. Under the unrastricted alter-
native, 2,677 million tons of soil are releasad from 
cultivated lands, Table 12. The loss decreases to 1,132 mil-
lion tons under the 10 ton restriction (Table 13), to 726 
million tons under the 5 ton restriction (Table 14) and to 
438 million tons under the 3 ton restriction (Table 15). 
Among these alternatives,soil loss reduction ranges from 92 
percent between the unrestricted alternative and the 3 ton 
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Table 12. Total soil erosion on cultivated lands in major zones with 
unlimited soil loss and average level exports in 2000 
(Model A)~./ 
Zone 
I,II 
United States llOO 
North Atlantic 35 
South Atlantic 168 
North Central 521 
South Central 285 
Great Plains 64 
North West 6 
South West 21 
IIIE-IVE 
Land Class 
other 
III-IV 
(million tons) 
1073 491 
ll 
81 21 
479 86 
413 376 
52 5 
18 2 
19 1 
V-VIII 
13 
13 
2../For all cultivated crops including rotation hay. 
Total 
2677 
46 
270 
1086 
1087 
121 
26 
41 
Table 13. Total soil erosion on cultivated lands in major zones with 
10 maximum soil loss and average level exports in 2000 
(Model B)!!/ 
Zone 
I,II 
United States 720 
North Atlantic 22 
South Atlantic 60 
North Central 389 
South Central 169 
Great Plains 52 
North West 6 
South West 22 
Land Class 
IIIE-IVE 
other 
III-IV 
277 
5 
80 
126 
36 
ll 
19 
(million tons) 
135 
5 
31 
91 
5 
2 
1 
V-VIII 
a/ 
-For all cultivated crops including rotation hay. 
Total 
1132 
22 
70 
500 
386 
93 
19 
42 
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Table 14. Total soil erosion on cultivated lands in major zones with 
5 ton maximum soil loss and average level exports in 2000 
(Model C)!!l 
Land Class 
Zone other 
I,II IIIE-IVE III-IV V-VIII Total 
(million tons) 
United States 474 161 91 0 726 
North Atlantic 20 2 1 0 23 
South Atlantic 28 3 3 0 34 
North Central 257 44 19 0 320 
South Central 114 65 59 0 238 
Great Plains 33 18 2 0 53 
North West 7 11 2 0 20 
South West 15 18 5 0 38 
~/For all cultivated crops including rotation hay. 
Table 15. Total soil erosion on cultivated lands in major zones with 
3 ton maximum soil loss and average level exports in 2000 
(Model D)f!/ 
Land Class 
Zone other 
I,II IIIE-IVE III-IV V-VIII Total 
(million tons) 
United States 336 111 36 0 483 
North Atlantic 11 10 0 0 21 
South Atlantic 17 1 1 0 19 
North Central 189 36 16 0 241 
South Central 71 43 13 0 127 
Great Plains 33 16 3 0 52 
North West 6 6 2 0 14 
South West 9 9 1 0 19 
a/ 
-For all cultivated crops including rotation hay. 
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restriction to 36 percent between the 10 ton restriction and 
the 5 ton restriction. 
The data in Tables 12, 13, 14 and 15 indicate the total 
soil loss by the 7 regions in the nation for the alternative 
restriction levels. Under the unrestricted alternative, 
Table 12, the North Central and south central regioBs have 
the largest erosi~n levels and account for 81 percent of 
total national dcosion. compared to the unrestricted soil 
loss alternative, erosion reduces to 78 percent under the 1J 
ton restriction, Table 13, to 77 percent under the 5 ton re-
striction, Tabl= 14, and to 76 percent under the 3 ton re-
striction, Table 15. The south Atlantic regi~n accounts for 
10 percent of the national soil loss under the unrestricted 
alternative and is reduced to only 4 percent under the 3 ton 
restriction. The Great Plains area is "offsetting" in soil 
loss and accounts for less than 5 percent of the national 
total under the unrestricted alternative and 11 percent under 
the 3 ton restriction. Even though the class I and II lands 
have low susceptibility t~ erosion, they make the largest 
contribution to total erosion in all models and all regions, 
except for the South Central zone under the unrestricted al-
ternative. 
on a per acre basis at the national level, soil loss de-
creases from 9.9 tons under the unrestricted alternative to 
4.3 tons under the 10 ton restriction, 2.8 tons under the 5 
81 
ton restriction and 1.9 tons under the J ton restriction, 
Table 16. These national levels do not fall axactly at the 
upper limit if allowed soil loss for several reasons. As the 
soil loss limit is set at 5 ton for example, and enforced for 
some regions, the national average is less because level 
areas such as the Great Plains already have lower levels. 
Also, when a soil loss limit is imposed the most economical 
method of obtaining the required reduction may reduce soil 
loss to a level below the restriction. The per acre soil 
loss varies from 21.5 tons in the South Atlantic under the 
unrestricted alternative to 1.2 tons in the Great Plains and 
Northwest zones under the 3 ton restriction, rable 16. Under 
the unrestricted alternative, the per acre soil loss is above 
the national average in both the South Atlantic and South 
central zones. The limitations on soil loss affect the per 
acre soil loss in each region to a different je~ree. Howev-
er, the initial restriction to 10 tons results in large de-
clines in the majority of zones as the excessively erosive 
alternatives are eliminated. The reduction in the South 
Atlantic region, from the unrestricted alternative to the 10 
ton restriction, is 15.1 tons per acre or by 70 percent. 
Other zones with large declines include the South Central 
with a 9.5 ton or 63 percent decline, the North Central with 
a 5.1 ton or 57 percent decline and the North Atlantic with a 
4.9 ton or 53 percent decline. The other zones had average 
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Table 16. Avcra~e per acre soil loss by rrgion for alterna-
tive soil loss restrictions in 2000 
·~c '"':ion Soil loss restriction 
unrestrictej 10 ton 5 ton 
(tons ~er acr~) 
~:~tio!lal _., j 4. 3 2 .) 1. :3 ~' . • u 
.!orth Hlantic :;.0 4. 'J 3.5 ') .... :; 
:_.outh \ t 1 anti c 21.S G.4 3 7, ,, 2 . -' '· . 
· '(' r t h Centr.:ll \"': ') '+. 3 2. d 2. " J • '- :J 
(~c.u~h '>'ntr.:Jl 1~. 1 5.6 3. 1.5 ') ., '- . .. 
're<:~t !"l2i ns ., 2 ) . 1. 7 1.3 1. ,, t. 
'o rth .:cs t ') 3 1.7 1. ..., 1 ') L. • I • L. 
)outh '.'est :J.3 3. ') 2 • (; 1. _., 
T;;l:>le 17. '!z1tional <'l'tera•r,e pP.r acrr= soil l~ss by land class 
for alternative soil 1Jss restrictions in 20CO 
Soil loss restriction 
unr0stricte~ 10 ton 5 ton 3 ton 
(tons per acrei 
r\ 'i~ r ~ ~~e ·:;; . J Lt • :5 2 (! 1. (' . fj ':1 
Cl ass I ~ I I '} 4. 1 n 7 1. g J. :.:J • '- L . 
~1 ass I I I --
-
c 
I itt:' 17. 6 :> 1 3 1 ' .. . . -. 
C1ther I I I I '! 15 ,. :+ • 4 L ,_ 1. :.i . v . 'J 
;·· l 
·1SS .,_.;I I I 2U . 5 1 . 'j 1 . s 1 . 
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soil loss levels well below even the 10 ton limit and tbe de-
clines were of less than 50 percent. This low level of soil 
loss for the more arid Western zones is consistent with their 
low annual runoff rates. The per acre declines from the 10 
ton restriction to the 5 ton restriction are consistently 
less than the 50 percent reduction for the Western zones. 
Their actual levels are closer to the 5 ton restriction level 
than to the 10 ton restriction. 
The data in Table 17 indicate the per acre soil loss by 
land class under the alternative soil loss restrictions. 
These data suggest the relative erosiveness of the alterna-
tive land classes and their response to the soil loss limiti-
tions. The class I and II lands have the lowest per acre 
rate of soil loss under the unrestricted alternative even 
though, due to their large acreage, they have the greatest 
loss in total tonnage. The u.s. per acre soil loss from land 
class group V-VIII declines immediately, upon the implement~­
tion of a restriction on soil loss, from 28.5 tons per acre 
under the unrestricted alternative to less than 2 tons per 
acre. This drastic reduction in per acre soil loss, when 
compared to the other land classes, indicates that if a re-
striction is imposed at the 10 ton or less level, the conser-
vation practices required to maintain use of the lands are 
also consistent with a soil loss level approaching the natu-
ral rate. After land group V-VIII, the IIIE and IVE soil 
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class group is the most erosive, Table 17. This is consist-
ent with the "E" subcode of their classification which indi-
cates erosion as the most serious limitation to production 
under the production possibilities consistent with class III 
and IV lands. 
Regionally, the most erosive lands under the unrestrict-
ed model are the IIIE and IVE lands in the South Atlantic 
zone with an annual ave~age soil loss of 10.6 tons per acre, 
Table 18. The more erosive class V-VIII lands in this region 
are not brought into agricultural production. The next most 
erosive lands a~e the V-VIII lands in the South Central zone 
with 47.6 tons of soil loss per acre. As the restriction on 
soil loss is imposed, the more erosive V-VIII lands either 
drop to low levels of erosion or go out of pr~duction while 
the lands in the IIIE and IVE group have soil losses nearer 
the limit than any of the other lands, Tables 18, 19, 20 and 
21. Reducing tne soil loss restriction to 3 tons causes mo5t 
regions and soil groups to drop erosion rates to between 1 
and 3 tons or to drop out of the cultivated land base. 
Conservation-tillage practices are important in control-
ling the per acre soil loss. The soil loss by these prac-
tices varies as the production shifts to tha most econ~mical 
practices capable of giving the restrained level of control. 
The data in Table 22 indicates that under the unrestricted 
soil loss alternative, st~aight row tillage practices have 
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Table 18. Per acre soil erosion on vultivated lands in major zones with 
unlimited soil loss and average level exports in 2000 (Model A) 
Zone 
United States 
North Atlantic 
South Atlantic 
North Central 
South Central 
Great Plains 
North West 
South West 
I,II 
6.2 
7.8 
16.5 
5.6 
8.1 
2.8 
1.5 
3.4 
Land Class 
other 
IIIE-IVE III-IV 
(tons per acre) 
17.8 15.6 
18.0 0 
60.6 20.4 
29.2 11.0 
18.8 26.2 
2.4 1.2 
4.0 0.8 
3.9 0.6 
V-VIII Average 
28.5 9.9 
0 9.0 
0 21.5 
0 9.2 
47.6 15.1 
0 3.2 
6.9 2.3 
1.7 3.3 
Table 19. Per acre soil erosion on cultivated lands in major zones with 
10 ton maximum soil loss and average level exports in 2000 
(Model B) 
Zone 
United States 
North Atlantic 
South Atlantic 
North Central 
South Central 
Great Plains 
North West 
South West 
I,II 
4.1 
4.9 
6.2 
4.2 
4.8 
2.3 
1.5 
3.4 
Land Class 
other 
IIIE-IVE III-IV 
(tons per acre) 
5.1 4.4 
9.1 2.8 
8.7 6.1 
5.6 4.2 
6.4 6.4 
3.3 1.2 
2.6 0.8 
3.9 0.6 
V-VIII Average 
1.8 4.3 
0 4.9 
0 6.4 
0 4.3 
2.1 5.6 
0 1.7 
2.5 1.7 
1.7 3.3 
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Table 20. Per acre soil erosion on cultivated lands in major zones with 
5 ton maximum soil loss and average level exports in 2000 
(Model C) 
Zone 
I,II 
United States 2.7 
North Atlantic 3.5 
South Atlantic 3.3 
North Central 2.7 
South Central 3.2 
Great Plains 1.5 
North West 1.6 
South West 2.3 
Land Class 
other 
IIIE-IVE III-IV 
(tons per acre) 
3.1 2.8 
4.4 2.5 
3.7 3.4 
3.4 2.6 
4.0 4.2 
1.8 0.5 
2.1 0.9 
2.0 0.7 
V-VIII 
1.5 
0 
0 
0 
1.2 
0 
2.1 
1.7 
Total 
2.8 
3.5 
3.3 
2.8 
3.6 
1.5 
1.7 
2.6 
Table 21. Per acre soil erosion on cultivated lands in major zones with 
3 ton maximum soil loss and average level exports in 2000 
(Model D) 
Zone 
I, II 
United States 1.9 
North Atlantic 2.0 
South Atlantic 2.2 
North Central 2.0 
South Central 2.1 
Great Plains 1.3 
North West 1.4 
South West 1.4 
Land Class 
other 
IIIE-IVE III-IV 
(tons per acre) 
2.0 1.5 
1.7 2.2 
2.5 2.1 
2.3 1.7 
2.4 2.2 
1.3 0.7 
1.3 0.8 
2.2 0.6 
V-VIII 
1.5 
0 
0 
0 
1.3 
0 
0.7 
1.6 
Total 
1.9 
2.0 
2.2 
2.0 
2.2 
1.2 
1.2 
1.6 
------ -------------------
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Table 22. Per acre soi 1 loss by conservation-ti 1 1:age 
practice for alternative soil loss restrictions 
in 2000 
Conservation 
ti lla~e 
Conventional tillage 
straight r0\11/ 
contoured 
strip cropped or 
terraced 
'<erluced tillage 
straight rovJ 
contoured 
strip cropped or 
terraced 
Soil Joss restriction 
unrestricted 10 ton 5 ton 3 ton 
(tons per acre) 
10.9 3.4 2.5 1.4 
0.8 4.8 3.1 2.1 
0.3 5.7 3.3 2.0 
5.3 4.7 2.7 1.9 
0.0 5.6 3.7 2.4 
0.0 7.4 2.9 2.5 
Table 23. National production of row crops, close-grown 
crops, rotation roughage crops and permanent 
roughage crops under alternative soil restriction 
levels in 2000 
Land use So i 1 lo~s r~~:t;ri~ioo 
unrestricted 1J ton 5 ton 3 ton 
(000 acres) 
Acres cultivated 269113 261564 258882 258058 
row crops 148226 141415 136035 134440 
close-grown crops 75535 74309 73478 72813 
rotation roughage 
crops 45352 45840 49369 50805 
Permanent roughage 
crops 339360 341764 346640 351207 
Summer fallow and 
exogenous crops 9306 8471 7788 8801 
Total agricultural 
lands 617779 611799 613310 618066 
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the highest soil losses while the conservation practices have 
insignificant soil losses, Tables 18, 19, 20 and 21. Only 
the less-erosive lands, c~ntinue to be farmed under straight 
row practices. The erosive lands incorporate the conserva-
tion practices and reduce average soil loss including level 
lands under straight row methods. The soil loss control 
methods result in per acre soil losses on erosive s~ils whi~h 
are nearer the associated restriction level than for nonero-
sive lands still farmed under straight row te~hniques, Table 
22. 
An upper limit imposed on per acre soil loss can be used 
as a mechanism to reduce total soil loss by region and by 
land groups. The changes vary by region with the South Cen-
tral, South Atlantic and North Central zones showing the 
largest reduction in soil loss especially on the more erosive 
land groups. Thus, given a societal welfare function 
desiring a lover soil loss, a position can be chosen along 
the continuum of soil loss possibilities which is capable of 
reducing the levels of sheet and rill erosion from cultivated 
lands. The location and method of production are affected by 
the soil loss restriction level imposed and are considered in 
the following section. 
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As upper limits on allowable soil loss are reduced, some 
shifts in land use and cropping patterns must occur as land 
is shifted to less erosive rotations and highly erosive lands 
are shifted from the cropland base. For the purposes of com-
paring the cropping patterns and land use, tha endogenously 
allocated crops are categorized into three groups. The row 
crops category represents corn, sorghum, cotton, soybeans and 
sugar beets; tha close-grown crops category represents 
barleyr oats and wheat; and the roughage or sod crops categJ-
ry includes the hay crops grown on cultivated lands. As the 
cropping patterns change an adjustment in livestock rations 
also occurs and provides for additional flexibility in the 
agricultural sector. 
The national levels of production for each of the crop 
categories and permanent pasture are given in Table 23. The 
total acres cultivated declines as the level of allowable 
soil loss is reduced. The agricultural sector utilized 269 
million acres of cultivated cropland and 339 million acres of 
permanent hay or pasture land to meet the predetermined de-
mands with no soil loss restriction. As the soil loss re-
striction becomes more severe, the cultivated acreage de-
clines and the acres of permanent hay and pasture increase. 
The initial restriction to 10 tons per acre reduces the totil 
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cultivated land base by 6 million acres. As the soil loss 
restriction level is reduced more. the permanent roughage 
crops are utilized. offsetting the declining :ultivate1 land 
base such that at the 3 t~n restriction level the agricultur-
al sector is utilizing approximately the same total acreage 
as under the unrestricted soil loss alternative. 
Row crops are located on 55 percent of all cultivated 
land under the unrestricted alternative and decline to 52 
percent of all cultivated lands under the 3 ton restriction. 
The relative decline by row crops in proportion of all 
cultivated crops is offset by a proportionate increase in ro-
tation roughage crops. But. not all of the production lost 
from the reduced acreage is replaced by the roughage crops. 
The data in Table 24 indicate the acres of cultivated 
land by conservation-tillage practice. The unrestricted al-
ternative allocates 87 percent of the cultivated lands to 
conventional tillage-straight row farming methods. This per-
centage declines to 63 under the 10 ton restriction. to 50 
under the 5 ton restriction. and to 36 under the 3 ton re-
striction. The lands which are no longer under the conven-
tional tillage-straight row method switch to the contouring, 
strip cropping and terracing alternatives of the conventional 
tillage method and also to the alternatives within the 
reduced tillage method. All production alternatives within 
reduced tillage increase by only 54 million acres compared to 
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the non-straight row options of conventional tillage which 
increase by 74 million acres, Table 25. 
Table 24. Acreages of cultivated land by conservation-tillage practices 
for alternative soil loss restrictions in 2000 
Conservation Soil loss restriction 
tillage unrestricted 10 ton 5 ton 3 ton 
(000 acres) 
Conventional tillage 247894 217319 201238 182585 
straight row 233475 165305 129120 93838 
contoured ll254 32553 37116 44986 
strip cropped 3165 19461 35002 43761 
Reduced tillage 21219 44245 57644 75573 
straight row 21219 27092 24822 32281 
contoured 0 13830 18902 19955 
strip cropped 0 3323 13920 23337 
Regionally, the change in acreage under =onventional 
tillage and reduced tillage does not follow a set pattern but 
varies with the level of runoff in the particular area. The 
North Atlantic, Great Plains, North West and South West zones 
have almost an equal distribution of lands cultivated under 
both tillage alternatives for all levels of soil loss re-
striction, Tables 25, 26, 27 and 28. Also the distribution 
among the conservation practices and land classes is not 
identical for all zones under all soil loss restriction 
levels. In each region c~nventional-tillage switches to the 
contouring and strip cropping-terracing alternatives, but t~ 
Table 25. 
Zone and 
soil class 
United States 
I, II 
IIIE,IVE 
Other III, IV 
V- VI II 
North Atlantic 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
South Atlantic 
I, II 
IIIE,IVE 
Othe[' III,IV 
V-VIII 
North Central 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
South central 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
Great Plains 
I,II 
IIIE,IVE 
Other III,IV 
V- VIII 
North West 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
South West 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
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Ac['eages unde[' conse['vation pra~ti~es in aajo[' 
zones with unlimited soil loss and 69-71 
average exports in 2000 (Moiel A )~/ 
--~~~!g~~!~~~!-~!ll~gg _____ ggg~£g1_i!!!agg __ _ 
Str. Contou[' s. C['Op St['. :ontour s. crop 
['OW only terrace row only terrace 
2331175 
145433 
57404 
30155 
484 
11074 
3510 
565 
0 
0 
12549 
10172 
1330 
1047 
0 
88210 
67700 
13703 
6807 
0 
71261 
34757 
21961 
14264 
280 
33633 
18856 
10647 
4130 
0 
11166 
4172 
4426 
2543 
26 
12581 
6267 
4772 
1364 
178 
11254 
11039 
0 
216 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10431 
10431 
0 
0 
0 
0 
0 
0 
0 
0 
527 
527 
0 
0 
0 
296 
80 
0 
216 
0 
0 
0 
0 
0 
0 
(000 acres) 
3165 
2989 
175 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3165 
2989 
175 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
21219 
17318 
2774 
1128 
0 
1010 
911 
33 
0 
0 
0 
0 
0 
0 
0 
19260 
15515 
2707 
1039 
0 
550 
42 7 
34 
89 
0 
399 
399 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 
0 
0 
0 
0 
0 
0 
D 
D 
0 
0 
0 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 
0 
0 
0 
0 
0 
0 
0 
0 
D 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
~/For all cultivated crops including rotation hiy. 
Table 26. 
Zone and 
soil class 
United States 
!,II 
IIIE,IVF. 
Other III,IV 
V-VIII 
North Atlantic 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Atlantic 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
North Central 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South central 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Great Plains 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
North West 
I, II 
IIIE, IVE 
Other III,IV 
V-VIII 
South West 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
93 
Acreages under conservation practices in major 
zones with 10 ton maximum soil loss and 69-71 
average exports in 2000 (~odel B )~' 
__ £Quygu!!QU~!-i!l!~g~- ----~~gy£~1-tl!!~[~--­
str. Contour s. crop Str. :ontour s. crop 
row only terrace row only terrace 
16 530 5 
111950 
36591 
16527 
237 
2564 
2~85 
14 
65 
0 
4696 
~567 
78 
51 
0 
61984 
51773 
597{) 
4241 
0 
41139 
24886 
11876 
4334 
43 
31194 
17801 
94 70 
3923 
0 
11163 
4173 
4426 
2549 
16 
12565 
6265 
4758 
1364 
178 
32553 
22182 
3862 
6509 
0 
133 
133 
0 
0 
0 
1802 
1148 
L&75 
178 
0 
13222 
12751 
0 
471 
0 
1L&247 
5901 
2702 
5644 
0 
2853 
2168 
684 
0 
0 
296 
80 
0 
216 
0 
0 
0 
0 
0 
0 
(000 acres) 
194b1 27092 
8339 22091 
8324 3677 
2799 1325 
0 0 
6L&4 1208 
644 1195 
0 0 
0 14 
0 0 
4343 191 
3655 191 
0 0 
688 0 
0 0 
3519 22209 
0 18255 
3519 2916 
0 1039 
0 0 
8227 2875 
2057 1868 
4059 761 
2110 246 
0 0 
2728 609 
1983 582 
745 0 
0 26 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
13830 
11344 
~26 
1560 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
132 77 
10977 
740 
1560 
0 
553 
366 
186 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3323 
22 
1289 
2012 
0 
16 
0 
16 
0 
0 
0 
0 
0 
0 
0 
1147 
0 
1049 
98 
0 
2159 
22 
223 
1914 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
~/For all cultivated cr3ps including rotation hay. 
Table 27. 
Zone and 
soil class 
United States 
I, II 
IIIE,IVE 
Ot he[' III, IV 
V- VI I I 
North Atlantic 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
South Atlantic 
I, I I 
III£,IVE 
Ot_ her III, IV 
V- VIII 
North Central 
I, II 
IIIE,IVE 
Other II I, IV 
V-VIII 
South Central 
I, II 
II IE, I\'E 
Other III, IV 
V- VI II 
Great Plains 
I, II 
IIIE,IVE 
Other III,IV 
V- VI I I 
North West 
I, II 
IIIE,IVE 
0~ her III, IV 
V- VI II 
South iJ:?st 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
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Acreages under conservation pra:ti:es in major 
zones with 5 ton ~aximum soil loss 7nd 69-71 
average exports in 2000 (Model c)~ 
--~~~~~~l!Q~g1_l!11~gg _____ ggg~£g~_t!11agg __ _ 
Str. C:>ntour s. crop Str. :ontour s. crop 
row only terrace row only terrace 
129120 
84478 
27577 
16836 
228 
2489 
2066 
66 
358 
0 
3261 
2964 
246 
51 
0 
45299 
36713 
4883 
3703 
0 
27447 
17510 
5894 
3926 
117 
27330 
14787 
8673 
3869 
0 
9028 
4189 
2642 
2178 
19 
14266 
6249 
5173 
2752 
93 
37116 
27873 
84 50 
793 
0 
1370 
1365 
5 
0 
0 
2845 
2552 
0 
2 94 
0 
16415 
16266 
149 
0 
0 
11998 
54 92 
6007 
4 99 
0 
2757 
2184 
573 
0 
0 
1509 
0 
1509 
0 
0 
221 
1 3 
207 
0 
0 
(00 0 acres) 
35002 
17769 
5681 
11552 
0 
2516 
2043 
4 73 
0 
0 
2583 
1615 
475 
493 
0 
4744 
3860 
0 
884 
0 
20068 
7042 
2932 
10094 
0 
4025 
3209 
735 
82 
0 
1066 
0 
1066 
0 
0 
0 
0 
0 
0 
0 
24822 
19998 
3648 
1116 
0 
38 
24 
0 
14 
0 
448 
367 
0 
80 
0 
2137 3 
1 713 6 
315 5 
1082 
0 
1709 
1220 
489 
0 
0 
1255 
1251 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
18902 
15962 
2851 
89 
0 
267 
267 
0 
0 
J 
200 
2 00 
0 
0 
0 
14650 
12373 
2277 
0 
0 
3785 
31 22 
574 
89 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13920 
9279 
3071 
1568 
0 
8 
0 
0 
8 
0 
918 
918 
0 
0 
0 
11859 
7680 
2618 
1560 
0 
1135 
680 
455 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
~/For all cultivated crops including rotation h~y. 
Table 28 • 
Zone and 
soil class 
United States 
I,II 
IIIE,IVE 
Other III, IV 
V- VIII 
North Atlantic 
I, II 
IIIE,!VE 
Other III, IV 
V-VIII 
South Atlantic 
I, II 
IIIE,IVE 
Other III, IV 
V- VIII 
North Central 
I, II 
IIIE,IVE 
Other III, IV 
V- VI II 
South Central 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Great Plains 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
North West 
I,II 
IIIE,IVE 
Other III ,IV 
V-VIII 
South WE'!st 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
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Ac~eages under conservation pra=tiGes in major 
zones with 3 ton maximum soil loss ;nd 69-71 
average exports in 2000 (Model D )~ 
--~Q~!~1i2~~!-1i!!~g~- ----R~g~£~~-1i!!as~--­
str. contour s. crop Str. Contour s. crop 
row only terrace row only terrace 
93838 
62184 
19735 
11720 
199 
2021 
1904 
40 
78 
0 
1746 
1610 
72 
64 
0 
32559 
27092 
3380 
2087 
0 
12277 
9482 
1787 
972 
36 
28413 
15003 
9010 
4400 
0 
10952 
4178 
3997 
2765 
12 
5869 
2915 
1449 
1355 
151 
44986 
30709 
10407 
3866 
3 
441 
401 
0 
40 
0 
1533 
1482 
0 
51 
0 
17103 
14195 
2575 
332 
0 
18183 
9961 
4992 
3227 
3 
1498 
1368 
130 
0 
0 
712 
80 
416 
216 
0 
5517 
3222 
2294 
0 
0 
(000 acres) 
43761 32281 
28647 23994 
12865 6763 
2249 
0 
1673 
1673 
0 
0 
0 
2939 
2482 
198 
259 
0 
9227 
7201 
1065 
961 
0 
17729 
9216 
7804 
709 
0 
11569 
8074 
3175 
320 
0 
624 
0 
624 
0 
0 
0 
0 
0 
0 
0 
1523 
0 
14 
14 
0 
0 
0 
1271 
1271 
0 
0 
0 
26880 
20554 
4805 
1521 
0 
2791 
1164 
1627 
0 
0 
706 
703 
0 
3 
0 
0 
0 
0 
0 
0 
618 
287 
331 
0 
0 
199 55 
12977 
4480 
2498 
0 
92 
79 
0 
14 
0 
6 93 
691 
2 
0 
0 
14973 
9658 
2843 
2473 
0 
3998 
2351 
1635 
12 
0 
199 
199 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
23337 
19265 
940 
3132 
0 
1196 
1196 
0 
0 
0 
344 
244 
0 
100 
0 
19184 
16388 
837 
1959 
0 
2613 
1437 
103 
1074 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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varying degrees depending on the erosive characteristics of 
the land in the region. The South central anl soutn Atlantic 
zones have a shift to reduced tillage and also expeLience a 
decline in the total acreage used under any type of cultiva-
tion. The South Atlantic has over 12 million acres of 
cropped land under the unrestricted soil loss alternative but 
only 8.5 million acres undeL the 3 ton restriction. Acreage 
cultivated in the south central region also declines to 57.5 
million acres under the 3 ton restriction. The North Central 
zone has a major shift in production pattern and acreage 
under reduced tillage increases from 19 million acres to oveL 
61 million acres, a change almost directly offsetting the de-
cline in the conventional tillage practices. 
The data in Tables 25, 26, 27 and 28 also indicate the 
impact of soil restrictions on alternative land groups. 
Shifts in farming practices on the more erosive lands are 
relatively large. In most regions, especially high rainfall 
areas, little land is farmed under conventional tillage-
straight row relative to the concentrations indicated with 
the unrestricted alternatives. Nationally, 42 percent of the 
cultivated acres which were originally in conventional 
tillage-straight row usage continue to be farmed un1er this 
method under the 3 ton soil loss alternative. This compares 
to 34 percent for the IIIE and IVE land group, 39 percent for 
the other III and IV group and 41 percent for the V-VIII 
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lands. The V-VIII lands under conventional tillage-straight 
row are concentrated in the south West and shifts in tillage 
practices on these lands occurs in the other zones but the 
acreages are small and the south West zone dominates the 
total acreage in this land group. 
2bi!!2_in_i£I!g~!~g_gng_g£Y!Sftg_!££!!g!2 
Associated with shifts in conservation-tillage method 
are (a) shifts among regions of the production base, (b) 
shifts between the land classes, and (c) possible shifts 
among irrigated and rainfed agriculture. As the soil loss 
restriction is reduced, a reduction occurs in acrea~es of 
both row crop and close-grown crops. An increase occurs in 
both cultivated and permanent roughage crops, Table 23. As 
indicated in the section comparing the unrestricted model t~ 
1967 production patterns, there is a shift in production to 
the North Central and south Central zones. The data in 
Tables 9, 29, 30 and 31 indicate the regional dryland produc-
tion patterns and the relative use of the alternative land 
groups by regions. 
Row crop production concentrates in the North Central 
zone under all alternatives with only a 2 million acre redu=-
tion between the unrestricted alternative and the 3 ton re-
striction. The zone experiencing the largest shift in rov 
crop production is the south central. Its row crop acreage 
declines from 27.5 million acres under no soil loss restric-
Table 29. 
Zone and 
soil class 
United StatE'ls 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
North Atlantic 
I,II 
IIIE,IVE 
Other III,IV 
V- VI II 
South Atlantic 
I,II 
IIIE,IVE 
Other III,IV 
V- VI II 
North Central 
I, II 
IIIE,IVE 
Ot hec III, IV 
V-VIII 
South Central 
I, II 
IIIE,IVF 
Other III,IV 
V-VIII 
Great Plains 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
North West 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South West 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
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Dcyland acreages in major zones with 10 ton 
maximum soil loss and 69-71 avec~qe ?xports in 
2000 (Model B) 
Row 
132636 
101795 
15890 
14734 
217 
366 1 
328 6 
1 1 9 
241 
1 5 
9647 
7516 
636 
1 411 
84 
87831 
7308 6 
739 1 
7 32 8 
26 
255:> 3 
14050 
614 3 
5287 
23 
3937 
2968 
781 
16 1 
27 
335 
77 
37 
20 7 
1 4 
172 2 
812 
783 
99 
28 
Close 
gr::>wn 
~11 
hay.!!/ Pasture Otned~./ rotal 
(000 acres) 
68911 67289 304614 
38804 27989 0 
20701 16217 0 
9227 6016 0 
179 159 0 
1225 1608 6888 
1191 499 0 
20 5 0 
11 0 0 
3 0 0 
2729 2006 23632 
2240 1218 0 
123 47 0 
363 0 0 
3 0 0 
19117 17608 30304 
16271 6746 0 
2244 4842 0 
584 
18 
19601 
8806 
6153 
4593 
49 
15370 
6898 
6236 
2179 
57 
6230 
1334 
3424 
1460 
12 
4639 
2064 
2501 
37 
37 
1 1 2 
0 
27248 
11848 
7498 
4884 
0 
14 310 
6523 
2310 
84 
0 
2994 
905 
499 
831 
16 
1515 
250 
1016 
105 
143 
0 
0 
111368 
0 
0 
0 
0 
41477 
0 
0 
0 
0 
24652 
0 
0 
0 
0 
66293 
0 
0 
0 
0 
6852 
2021 
1388 
2702 
241 
295 
1 37 
81 
45 
32 
1505 
2 29 
10 
11 6 5 
140 
215 
70 
54 
70 
21 
8 27 
2 51 
2 21 
3 31 
24 
3536 
1242 
1342 
952 
0 
319 
77 
97 
1 31 
14 
55 
15 
23 
7 
10 
580302 
110609 
54696 
32679 
796 
13677 
511 3 
225 
297 
50 
39619 
11203 
876 
2940 
227 
155075 
96173 
14531 
8094 
65 
184547 
34955 
20015 
15095 
96 
78630 
17631 
10669 
3376 
84 
34530 
2393 
4057 
2629 
56 
74224 
3141 
4 323 
248 
218 
.f!/rncluding other hay and cr::>pland pasture. ~/summer fallow lands and orchards and vinay~cds. 
Table 30. 
Zone and 
soil class 
United States 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
North Atlantic 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
South Atlantic 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
North Central 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Central 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
Great Plains 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
North West 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
South West 
I, II 
IIIE,IVE 
Other III, IV 
V- VI I I 
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Dryland acreages in major zones with 5 ton 
maximum soil loss and 69-71 average exports in 
2000 (Model C) 
Row 
12850 5 
100214 
14076 
1399 8 
217 
4318 
3745 
12 5 
433 
1 5 
10065 
7712 
687 
158 2 
84 
84 70 6 
7068 9 
7250 
6 74 1 
26 
23116 
15119 
4497 
3477 
23 
2708 
2431 
17 8 
72 
27 
418 
160 
37 
207 
1 4 
3174 
358 
130 2 
1486 
28 
Close 
grown 
All hay~! Pasture Ot~er~/ Total 
(000 acres) 
66732 72508 
37178 31453 
20292 15322 
9070 8367 
192 142 
2491 2043 
1975 564 
502 30 
1 1 
3 
870 
552 
123 
192 
3 
18756 
15854 
1979 
905 
18 
18773 
8582 
5487 
4629 
75 
14077 
6485 
5239 
2296 
57 
6285 
1035 
4234 
1000 
16 
5480 
2695 
2728 
37 
20 
109 
0 
2686 
1764 
165 
0 
0 
19965 
9833 
4139 
190 
0 
27360 
10690 
6581 
7019 
52 
15495 
6988 
2864 
132 
0 
3207 
1058 
527 
812 
16 
1752 
556 
1016 
105 
74 
310699 
0 
0 
0 
0 
7098 
0 
0 
0 
0 
25222 
0 
0 
0 
0 
3 3820 
0 
0 
0 
0 
108031 
0 
0 
0 
0 
41488 
0 
0 
0 
0 
27687 
0 
0 
0 
0 
6 7353 
0 
0 
0 
0 
6169 
1601 
17 33 
2594 
241 
295 
137 
81 
45 
32 
1605 
229 
70 
11 66 
140 
215 
70 
54 
70 
21 
637 
206 
76 
3 31 
24 
3043 
807 
1284 
J'52 
0 
319 
137 
145 
23 
14 
55 
15 
23 
1 
10 
584613 
170446 
51423 
340 29 
792 
16245 
6421 
738 
598 
50 
40448 
10257 
1045 
2940 
227 
157462 
96446 
13422 
7906 
65 
177917 
34597 
16641 
15456 
174 
76811 
16711 
9565 
3452 
84 
37916 
2390 
4943 
204 2 
60 
77814 
3624 
5069 
1635 
132 
~/Including other hay and cropland pasture. 
~/summer fallow lands and orchards and vineyards. 
Table 31. 
Zone and 
soil class 
United states 
I, II 
IIIE, IVE 
Other III,IV 
V-VIII 
North Atlantic 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
South Atlantic 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
North central 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
South Central 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Great Plains 
I, II 
IIIE,. IVE 
Other III,IV 
V-VIII 
North West 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
South West 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
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Dryland acreages in major zones with 3 ton 
maximum soil loss and 69-71 average exports in 
2000 (['llodel D) 
Row 
1 279 2 5 
102086 
1179 2 
13830 
217 
3359 
2937 
11 3 
294 
15 
8549 
6944 
353 
116 8 
84 
88372 
74427 
5637 
828 2 
26 
19 19 6 
11762 
3771 
3640 
23 
4866 
4442 
230 
16 7 
27 
341 
83 
37 
207 
14 
3242 
149 1 
1651 
72 
28 
Close 
grown 
All a/ 
hay- Pasture 
(000 acres) 
66828 72858 313854 
36623 33732 0 
22163 18800 0 
7864 2523 0 
178 130 0 
2089 2247 8315 
2050 799 0 
25 16 0 
11 0 0 
3 0 0 
736 2913 25615 
469 1780 0 
123 50 0 
141 21 0 
3 0 0 
17652 23232 35810 
12870 10311 0 
3355 6798 0 
1409 249 0 
18 0 0 
19241 23017 105322 
9780 12066 0 
7113 7160 0 
2299 674 0 
49 0 0 
16720 16901 45113 
7741 7277 0 
6425 3637 0 
2497 594 0 
57 0 0 
6419 3200 26826 
1321 911 0 
3612 606 0 
1470 880 0 
16 9 0 
3971 1348 66853 
2392 588 0 
1510 533 0 
31 105 0 
32 121 0 
otn.er.£/ rotal 
7182 
1795 
2!J44 
2702 
241 
295 
137 
81 
45 
32 
1605 
2 29 
70 
1166 
140 
215 
70 
54 
10 
21 
861 
285 
221 
3 31 
24 
3520 
982 
1586 
9 52 
0 
5 31 
11 
~09 
1 31 
14 
55 
15 
23 
7 
10 
588647 
174236 
55199 
26919 
766 
16305 
5923 
2 35 
350 
50 
39418 
9422 
596 
2496 
227 
165281 
97678 
15844 
10010 
65 
167637 
33893 
18265 
6944 
96 
87120 
20442 
11878 
4210 
84 
37417 
2392 
4664 
2688 
53 
75469 
4486 
3717 
221 
191 
~lncluding other hay and cropland pasture. 
~Summer fallow lands and orchards and vineyards. 
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tion, to 25.5 million acres under the 10 ton restriction, to 
23.1 million acres under the 5 ton restriction and to 19.2 
million acres under the 3 ton restriction. The South 
Atlantic zone also experiences a decline in row crop acreage 
but the reduction is only 2 million acres over the range of 
the soil loss restrictions. To partially compensate for the 
reduced acreages in the S3uth Central and South Atlantic 
zones, the Great Plains and south West zones have increased 
row crop production. The increase in row crops in the Great 
Plains is associated with an increase in total acreage 
cultivated since hay also increases in acreage. This is not 
the case in the south West where the increase of 1.6 million 
acres of row crops between the unrestricted and 3 ton re-
striction alternatives is accompanied by a reduction of 0.8 
million acres in close-grown crops and 0.3 million acres of 
hay land. 
In most zones the proportion of dryland row crops grown 
on classes I and II increases even though total crop acreage 
declines. The acreage of row crops on class V-VIII lands is 
almost negligible in all zones and changes do not occur. The 
acreage on the IIIE and IVE lands declines 47 percent 
nationally and the change in the production on this land 
group by zone is: -48 percent in the North Atlantic, -70 per-
cent in the South Atlantic, -SO percent in the North Central, 
-53 percent in the south Central, -70 percent in the Great 
102 
Plains, no change in the North West and +110 percent in the 
South West where just over 1 million acres of this land group 
are shifted from close-grown crops to row crop production. 
Shifts in the use of the other III and IV land group are in 
the form of increased row crops except the so~th central zone 
which has a reduction of 34 percent (1.8 million acres) in 
dryland row crops on this land group as the soil loss re-
striction is reduced to the 3 ton level, Tables 9 and 31. 
The national production of close-grown crops on dryland 
declines as the soil loss restriction level is reduced but 
the total production change is not as great as for row crops. 
{Close-grown crop acreage under the 3 ton restriction is 96 
percent of the unrestricted acreage, compared to 90 percent 
for row crops.) There is little change in the percentage of 
the close-grown crops in classes I and II lanls as the soil 
loss restriction is reduced. Under all alternatives the na-
tional distribution has between 55 and 56 percent of the 
close-grown crops on the class I and II land group. Region-
ally, the concentration of close-grown crops on the less 
erosive class I and II lands under the 3 ton restriction, 
Table 31, varies as follows; the North Atlantic with 58 per-
cent, the South Atlantic with 64 percent, the North Central 
with 73 percent, the South central with 51 percent, the Gre~t 
Plains with 46 percent, the North West with 71 percent and 
the South West with 60 percent. The zones with the lower 
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susceptibility to erosion (the Great Plains and North West) 
have the lowest proportion of the close-grown crops on the 
less erosive lands since their production patterns are more 
influenced by yield related factors in the row crop close-
grown crop trade-off than by erosion control factors. 
Irrigated acreage of row crops declines as the soil loss 
restriction level is reduced. The unrestricted alternative 
has 9.2 million acres of irrigated row crops, Table 10, and 
this declines to 8.8 million acres under the 10 ton restric-
tion, Table 32~ to 7.5 million acres under the 5 ton restric-
tion, Table 33, and to 6. 5 million acres under the 3 ton re-
striction, Table 34. Irrigated close-grown crops increase 
about 1.4 million acres under the 5 ton restriction from 5.3 
million acres utilized under the less restrictive models. 
The irrigated acreage of close-grown crops declines to 6.0 
million acres under a 3 ton restriction. Irrigated llay 
remains near the 12 million acre level for all alternative 
soil loss restrictions. Total acres irrigated vary only 
slightly from tae 31 million acres under the unrestricted al-
ternative, reaclling a lov of 28.7 million acres under tile 5 
ton restriction. 
The South Central and South West regions experience de-
clines in total irrigated acreage as the soil restriction is 
rEduced, Tables 11, 32, 33 and 34; with most of the shifts 
being in the class I and II land group where the national de-
Table 32. 
Zone and 
soil class 
United States 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
North Atlantic 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
south Atlantic 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
North Central 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
South Central 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
Great Plains 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
North West 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South West 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
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Irrigated acreages in major zones with 10 ton 
maximum soil loss and 69-71 average exports in 
2000 {!lllodel B) 
Row 
8779 
6787 
100 3 
966 
23 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
12 
0 
0 
0 
898 
724 
70 
10 4 
0 
3080 
2471 
285 
318 
6 
1399 
918 
149 
319 
13 
3390 
2662 
499 
225 
4 
Close 
grown 
All a/ 
hay- Pasture 
(000 acres) 
5398 
2219 
878 
2297 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
968 
584 
92 
289 
3 
1179 
636 
375 
168 
0 
1532 
615 
318 
598 
1 
1719 
384 
93 
1242 
0 
12780 
5400 
674 
610 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
446 
336 
1 
109 
0 
400 
256 
119 
5 
2 
7075 
2600 
190 
380 
0 
2637 
1138 
349 
103 
0 
2222 
1070 
15 
13 
0 
2921 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
472 
0 
0 
0 
0 
2381 
0 
0 
0 
0 
68 
0 
0 
0 
0 
Other~/ Total 
1519 
948 
205 
"44 
22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
92 
91 
1 
0 
0 
8 
3 
3 
2 
0 
7 01 
450 
100 
140 
11 
318 
404 
101 
302 
11 
31497 
15354 
2760 
4317 
51 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
458 
348 
1 
109 
0 
2358 
1655 
282 
398 
5 
11814 
5710 
853 
868 
6 
8650 
3121 
916 
1160 
25 
8217 
4520 
708 
1782 
15 
~/Including other hay and cropland pasture. ~/summer fallow lands and or~hards and vineyards. 
Table 33. 
Zone and 
soil class 
United States 
I, II 
IIIE,IVE 
Ot her II I , IV 
V-VIII 
North Atlantic 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Atlantic 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
North Central 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Central 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Great Plains 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
North West 
I, II 
IIIE,IVE 
Other III,IV 
V- VI II 
South West 
I, II 
IIIE,IVE 
Other III, IV 
V- VI II 
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Irrigated acreages in major zones with 5 ton 
maximum soil loss and 69-71 averaga exports in 
2000 (Model C) 
Row 
7530 
5971 
606 
930 
23 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
8 
0 
0 
0 
1189 
1038 
47 
104 
0 
2885 
230 1 
336 
242 
6 
156 3 
103 8 
153 
359 
13 
1885 
1586 
70 
22 5 
4 
All Close 
grown hay~/ Pasture Other~/ rotal 
(000 acres) 
6746 12094 
3294 4735 
1223 608 
2227 647 
2 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 456 
0 340 
0 0 
0 116 
0 0 
947 362 
588 260 
69 79 
289 5 
1 0 
1433 6948 
822 2400 
448 254 
163 385 
0 0 
1466 2391 
628 945 
308 260 
529 132 
1 0 
2900 1937 
1256 790 
398 15 
1246 9 
0 0 
708 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
511 
0 
0 
0 
0 
146 
0 
0 
0 
0 
51 
0 
0 
0 
0 
1619 
948 
205 
444 
22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
92 
91 
1 
0 
0 
8 
3 
3 
2 
0 
101 
450 
100 
140 
11 
818 
404 
1 01 
302 
11 
28697 
14948 
2642 
4248 
47 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
464 
348 
0 
116 
0 
2590 
1977 
196 
398 
1 
11785 
5526 
1041 
792 
6 
6267 
3061 
821 
1160 
25 
7591 
4036 
584 
1782 
15 
~/Including other hay and cropland pasture. 
~!summer fallow lands and orchards and vineyards. 
Table 34. 
Zone and 
soil class 
United States 
I, II 
IIIE,.IVE 
Other III, IV 
V-VIII 
North Atlantic 
I,. II 
IIIE 1 IVE 
Other III" IV 
V-VIII 
South Atlantic 
I 1 II 
IIIE 1 IVE 
Other III 1 IV 
V-VIII 
North Central 
I 1 II 
IIIE,IVE 
Other III,IV 
V-VIII 
south Central 
I 1 II 
IIIE, IVE 
Other III 1 IV 
V-VIII 
Great Plains 
I 1 II 
IIIE 1 IVE 
Other III 1 IV 
V-VIII 
North West 
I 1 II 
IIIE 1 IVE 
Other III" IV 
V-VIII 
South West 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
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Irrigated acreages in major zones with 3 ton 
maximum soil loss ahd 69-71 average exports in 
2000 (~odel D) 
Row 
6515 
5056 
582 
854 
23 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
687 
622 
57 
8 
0 
2038 
1487 
30 3 
242 
6 
1470 
902 
176 
379 
13 
2320 
2045 
46 
225 
4 
Close 
grown 
All hay~/ Pasture Othed?.l Total 
(000 acres) 
5985 12716 
2460 5108 
1241 751 
2282 757 
2 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 291 
0 175 
0 0 
0 116 
0 0 
644 287 
309 200 
47 67 
287 2 
1 0 
1572 7874 
959 3263 
419 331 
194 370 
0 0 
1487 2785 
636 1139 
312 333 
538 260 
1 0 
2282 1478 
556 331 
463 20 
1263 9 
0 0 
2584 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
466 
0 
0 
0 
0 
2046 
0 
0 
0 
0 
72 
0 
0 
0 
0 
1619 
948 
205 
444 
22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 
0 
0 
0 
0 
92 
91 
1 
0 
0 
8 
3 
3 
2 
0 
701 
450 
100 
140 
11 
818 
404 
101 
302 
11 
29419 
13572 
2779 
4337 
47 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
291 
175 
0 
116 
0 
1710 
1222 
172 
297 
1 
11958 
5712 
1056 
808 
6 
8490 
3127 
921 
1317 
25 
6970 
3336 
630 
1799 
15 
~/Including other hay and cropland pasture. 
~/summer fallow lands and orchards and vineyards. 
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cline is 1.3 million acres. In the South Centrill region most 
of the decline in irrigated acres occurs in row crops on the 
more erosive lands. There is illso a reduction of 0.2 million 
acres in close-grown crops. The South West hils reductions of 
1.0 million acres in irrigated row crops and 0.8 million 
acres of irrigated hay which is partially offset by an in-
crease of 0.5 million acres of close-grown crops. The irrig-
ated land in the IIIE and IVE land group switches from the 
production of row crops to the production of the less erosive 
close-grown crops. 
f£2~£1i2n_§kift2-RI-l~ag_£!S22~2 
Shifts in production patterns vary by crop type. The 
percent of the more erosive crops on the less erosive class I 
and II lands increases from 66.1 under the unrestricted soil 
loss alternative to 67.7 percent under the 10 ton restric-
tion, to 68.2 percent under the 5 ton restriction and to 69.5 
percent under the 3 ton restriction, Table 35. The shift to 
the less erosive lands for the individual crops is consistent 
with the relative susceptibility of the crops to erosion. 
The data in Table 35 indicates the percent of the acres of 
each crop which falls on the the class I and II lands for the 
alternative restriction levels. The more erosive crops such 
as cotton, soybeans and the silages undergo a large shift to 
the class I and II lands while the less erosive crops such as 
barley, wheat and nonlegume hay have a reduction in the per-
108 
centage of their acres which are on the class I and II lands. 
The increase in the percentage of legume hay and oats on 
class I and II lands resulted as the rotations selected to 
adjust the soil loss limits for the more erosive crops fa-
vored the use of legume hay over the nonlegume hay due to tne 
inclusion of the nitrogen carryover effect of the legume hay. 
The decline in the percentage of corn on the class I and II 
lands results from the larger acreage and the increase in 
acreage dividing equally on both land groups. Also, corn is 
less erosive than soybeans and cotton, and in those areas 
where they are competitive crops, corn shifts to allow pro-
duction of soybeans and cotton on less erosive soils. 
Table 35. Percent of the acreage of specific crops falling 
In land classes I and II for alternate levels of 
allowable soil loss in 2000 
Crop 
Barley 
Corn 
Corn silage 
Cotton 
Legume hay 
Nonlegume hay 
Oats 
Sorghum 
Sorghum silage 
Soybeans 
Wheat 
A 11 crops 
Soil loss restriction 
unrestricted 10 ton 5 ton 
52.1 
84.9 
83.2 
57.6 
64.1 
56.5 
68.3 
52.1 
55.8 
70.1 
53.6 
66.1 
53.8 
85.7 
95.5 
61.1 
59.8 
55.9 
65.7 
55.8 
79.4 
73.9 
55.3 
67.7 
43.3 
83.1 
95.6 
77.0 
59.3 
58.6 
66.4 
47.2 
81.6 
80.7 
57.0 
68.2 
3 ton 
50.4 
83.6 
95.6 
80.4 
68.2 
52.9 
67.7 
57.2 
89.0 
82.2 
52.7 
69.5 
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~!~ l~L iiDI2eS t!:! 
The shift in land class utilization by crops is reflect-
ed in the national average yields, Tables 36, 37, 38, and 39. 
The change in average yields also reflects changes in the 
proportion of the crop grown under irrigated and rainfed ag-
riculture and the changes in regional allocation of the 
crops. As an example, the average yield of barley is 62.4 
bushels under the no soil loss restriction alternative but 
declines to 58.5 bushels under the 3 ton soil loss restric-
tion since a greater proportion is grown on dryland. A 
change in the proportion grown under irrigation is reflectei 
in the acreages given in the same tables. These acreages 
combine vith the changed yields, lover on dryland and higher 
on irrigated, to give a lover average yield. Shifts in yield 
by land class reflect changes in regional proiuction patterns 
as the crop shifts from areas where the yields by land class 
change. 
Silage data exhibit how alternative use of lands and re-
gional shifts affect yields under various soil loss restric-
tions. The yield of corn silage increases fro• 12.9 tons 
under no soil loss restriction to 14.0 tons under a 10 ton 
soil loss restriction, drops to 13.1 under the 5 ton restric-
tion and then increases again to 16.7 tons unier the 3 ton 
restriction. The initial change from the unrestricted to the 
10 ton soil loss level reflects mild yield increases on the 
dryland and irrigated acres, but the change in acreage under 
Table 36. 
Crop and 
land class 
Barley 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
corn grain 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 
Corn silage 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Cotton 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Legume hay 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 
Nonl egume hay 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
110 
A=reage and average yield of crops by land 
class in the United States with unlimited soil 
loss and 69-71 aver~ge exports in 2JOO (~~del 
A) 
(000 
5657 
2599 
1717 
0 
9973 
(000 
44764 
4694 
3192 
0 
52650 
(000 
4704 
662 
308 
0 
5674 
(000 
3312 
1035 
1590 
3 
5940 
(000 
18744 
7342 
4750 
62 
30898 
(000 
10454 
6565 
1248 
284 
18551 
acres) 
781 
206 
1390 
0 
2377 
acres) 
1540 
254 
87 
0 
1881 
acres) 
658 
69 
40 
0 
768 
acres) 
370 
76 
3 
0 
449 
acres) 
4796 
514 
509 
0 
5819 
acres) 
313 
83 
90 
2 
488 
6tn8 
2805 
3107 
0 
12350 
46303 
4948 
3280 
0 
54531 
5362 
731 
348 
0 
6441 
3682 
1111 
1594 
3 
6389 
23539 
7857 
5259 
62 
36717 
10766 
6648 
1338 
286 
19039 
(bu. I~= re) 
70.0 81.0 
50.8 56.3 
48.0 61.7 
o.o 0.0 
61.2 67.6 
71.3 
51.2 
54.1 
o.o 
62.4 
(bu. /acre) 
123.1 145.2 123.8 
101.1 94.9 100.8 
86.8 95.9 87.0 
o.o o.o o.o 
118.9 136.1 119.5 
(tons/acre) 
13.0 18.7 13.7 
8.5 16.0 9.2 
6.6 13.0 7.3 
o.o o.o o.o 
12.1 18.2 12.9 
(bales/acre) 
1.7 1.5 1.7 
1.4 0.9 1.3 
1.5 0.9 1.5 
0.3 o.o 0.3 
1.6 1.4 1.6 
(tolls/acre) 
3.8 7.4 
3.2 4.0 
3.5 4.9 
2.2 o.o 
3.6 6.9 
(tolls/acre) 
2.3 2.8 
2.2 2.1 
2.1 1.3 
1.3 2.0 
2.2 2.4 
4.6 
3.2 
3.6 
2.2 
4.1 
2.3 
2.2 
2.1 
1.3 
2.2 
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Table 36. (Continued) 
crop and 
land class 
________ _!£[!~~!!!_________ -Yield 
oryland rrrig. Total -nrriand-rrri9:-rotal 
Oats 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
Total 
Sorghum grain 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Sorghum silage 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 
Soybeans 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 
Sugar beets 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
iheat 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Other hay 
Total 
Pasture 
Total 
(000 
3621 
1433 
252 
66 
5373 
(000 
4030 
2509 
1904 
0 
8443 
(000 
3597 
2941 
263 
0 
6802 
(000 
34963 
9239 
5759 
0 
119961 
(000 
1365 
0 
10 1 
0 
1465 
(000 
27411 
17107 
64119 
65 
51032 
acres) 
225 
15 
22 
0 
261 
acres) 
1260 
388 
69 
0 
1717 
acres) 
580 
56 
50 
0 
687 
acres) 
641 
140 
25 
0 
806 
acres} 
158 
17 
41 
0 
216 
acres) 
889 
611 
274 
2 
1776 
(000 acr-es) 
3846 
1448 
274 
66 
5634 
5290 
2896 
1973 
0 
10160 
4178 
2998 
313 
0 
7489 
35604 
9379 
5783 
0 
50766 
1522 
17 
142 
0 
1681 
28300 
17719 
6723 
66 
52808 
16884 6094 22978 
( 000 acres) 
303060 2921 305981 
(bu./acre) 
71.6 91.8 
49.1 51.6 
63.9 70.8 
17.3 o.o 
64.6 87.8 
(bu./a:::re) 
72.8 
49.1 
64.5 
17.3 
65.7 
63.2 72.7 65.5 
45.5 67.9 48.5 
40.7 60.9 41.4 
o.o o.o o.o 
52.9 71.2 56.0 
(tons/acre) 
12.3 18.2 13.1 
10.8 9.4 10.8 
10.3 10.1 10.3 
o.o 0.0 o.o 
11.5 16.9 12.0 
(bu. /acre) 
42.0 50.6 42.1 
36.7 41.5 36.8 
34.2 45.8 34.2 
o.o o.o 0.0 
40.1 48.9 40.2 
(tons/acr-e) 
17.~ 24.9 18.2 
0~0 18.4 18.4 
21.4 19.3 20.8 
o.o o.o 0.0 
17.6 23.4 18.4 
(bu./acre) 
36.9 77.1 
32.8 50.3 
35.0 54.1 
17.3 26.6 
35.3 64.3 
(tons/acr-e) 
38.2 
33.4 
35.8 
17.6 
36.2 
1.7 3.6 2.2 
(tons/acre) 
0.6 2.4 0.6 
-------------------------------------------~-----------------
Table 37. 
112 
Acreage and average yieli of crops by land 
class in the United States with 10 ton maximum 
soil loss and 69-71 average exports in 2000 
(Model B) 
Crop and 
land class 
_________ A££~~g~--------- Yield 
nryland rrrig. Total -nrriand-rrrig~-rotal 
Barley 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
Total 
Corn grain 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Corn silage 
I ,I I 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Cotton 
I ,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 
Legume hay 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Nonlegume hay 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 
(000 
6148 
2527 
1798 
0 
10473 
(000 
45034 
4143 
3416 
0 
52593 
(000 
4530 
146 
0 
0 
4676 
(000 
3346 
858 
1459 
0 
5663 
(000 
17773 
9525 
4677 
9 
31984 
(000 
10215 
6691 
1339 
149 
18395 
acres) 
778 
208 
1404 
0 
2389 
acres) 
1703 
139 
87 
0 
19 30 
acres) 
629 
58 
40 
0 
728 
acres) 
314 
1 1 
0 
0 
325 
acres) 
5046 
590 
520 
0 
6157 
acres} 
354 
83 
90 
2 
529 
6926 
2734 
3202 
0 
12863 
46737 
4283 
3503 
0 
54523 
5158 
205 
40 
0 
5403 
3660 
869 
1459 
0 
5988 
22819 
10116 
5198 
9 
38141 
10570 
6774 
1429 
151 
18924 
(bu. /acre) 
66.9 81.1 
51.4 56.5 
48.9 61.8 
0.0 o.o 
60.1 67.6 
(bu./acre) 
68.5 
51.8 
54.6 
0.0 
61.5 
124.1 143.4 124.8 
103.5 85.2 102.9 
86.3 95.9 86.5 
o.o o.o o.o 
120.0 137.1 120.6 
{tons/acre) 
13.4 19.8 14.1 
10.7 16.8 12.5 
o.o 13.0 13.0 
0.0 o.o o.o 
13.3 18.3 14.0 
(bales/acre) 
1.7 1.7 1.7 
1.5 0.9 1.5 
1.7 o.o 1.7 
o.o o.o o.o 
1.7 1.6 1.7 
(tons/acre) 
3.8 7.3 4.6 
3.3 4.0 3.3 
3.8 4.9 3.9 
2.3 o.o 2.3 
3.6 6.8 4.1 
(tons/acre) 
2.2 2.8 2.3 
2.3 2.1 2.3 
2.1 1.3 2.1 
1.2 2.0 1.2 
2.3 2.4 2.3 
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Table 37. (Continued) 
-------------------------------------------------------------
crop and 
_________ !£[~ag~--------- _______ !i~!i ________ 
land class Dry land Irrig. Total Dryland Irrig. Total 
-------------------------------------------------------------
oats (000 acres) {bu. /a::re) 
I,II 3711 255 3966 71.1 87.7 72.7 
IIIE, IVE 1751 33 1784 53.2 46.9 53.1 
Other III,IV 234 13 247 61.7 68.2 62.0 
V-VIII 36 0 36 13.6 o.o 13.6 
Total 5732 301 6033 65.3 82.4 66.1 
sorghum grain (000 acres) (bu./acre) 
I, II 4247 1211 5458 68.1 69.9 68.5 
IIIE,IVE 1964 374 2338 41.7 68.0 45.9 
Other III,IV 1877 106 1983 41.4 61. 5 42.5 
V-VIII 0 0 0 o.o o.o o.o 
Total 8088 1692 9780 55.5 69.0 57.8 
Sorghum silage {000 acres) (tons/acre) 
I,II 4107 428 4535 13.1 19.9 13.7 
IIIE,IVE 893 3 896 9.3 13.2 9.3 
Other III, IV 266 13 279 10.3 10.6 10.3 
V-VIII 0 0 0 o.o o.o o.o 
Total 5267 443 5710 12.3 19.6 12.9 
soybeans {000 acres} (bu./acre) 
I,II 34549 587 35136 43.2 50.0 43.3 
IIIE,IVE 6801 114 6915 41.2 41. 3 41.2 
Other III, IV 5485 25 5510 36.1 46.9 36.2 
V-VIII 0 0 0 o.o o.o o.o 
Total IJ6835 726 47561 42.1 48.6 42.2 
Sugar beets (000 acres) (tons/acre) 
I,II 1370 161 1531 17.4 24.8 18.1 
IIIE, IVE 0 21 21 o.o 18.5 18.5 
Other III, IV 101 31 132 21.!1 18.4 20.7 
V-VIII 0 0 0 o.o 0.0 0.0 
Total 11J70 213 1684 17.6 23.3 18.3 
Wheat ( 000 acres) (bu./acre) 
I,II 27098 897 27995 37.5 77.8 38.8 
IIIE, IVE 15629 618 16246 33.6 50.2 34.3 
Other III, IV 6113 274 6387 37.1 54.2 37.8 
V-VIII 39 2 41 15.3 26.6 15.8 
Total 48878 1791 50669 36.2 '61J. 6 37.2 
othet hay ( 000 acres) {tons/acre) 
Total 16908 6094 23002 1.7 3.6 2.2 
Pasture (000 acres) (tons/acre) 
Total 304614 2921 307535 0.6 2.4 0.6 
-------------------------------------------------------------
Table 38. 
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Ac~eage and average yield of c~ops by land 
class in the United States with 5 t~n maximum 
soil loss and 69-71 ave~age expo~ts in 2000 
(Model C) 
Crop and 
land class 
_________ A££g~gg_________ Yield 
o~yland r~~ig. Total -oryiafia-rrrig~-rotal 
Barley 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Co~n g~ain 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
Total 
Corn silage 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
cotton 
I,II 
IIIE, IVE 
Othe~ III,IV 
V-VIII 
Total 
Legume hay 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Nonlegume hay 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
(000 
3811 
2549 
1948 
0 
8309 
(000 
43749 
5562 
3437 
0 
52748 
(000 
4954 
61 
113 
0 
5128 
(000 
3488 
957 
256 
0 
4701 
(000 
19021 
9586 
5487 
57 
34152 
{000 
12432 
5736 
2880 
85 
21133 
acres) 
883 
235 
1416 
0 
2533 
acres} 
2065 
206 
86 
0 
2358 
acres) 
256 
26 
40 
0 
322 
ac~es) 
60 3 
11 
0 
0 
614 
ac~es) 
4503 
453 
542 
0 
5497 
ac~es) 
231 
155 
105 
0 
492 
4694 
2785 
3364 
0 
10842 
45814 
5769 
3523 
0 
55106 
5210 
87 
153 
0 
5450 
4091 
968 
256 
0 
5315 
23524 
10039 
6029 
57 
39649 
12663 
5891 
2986 
85 
21625 
{bu. /ac~e) 
68.6 84.3 
57.5 56.3 
47.0 61.6 
o.o o.o 
71.6 
57.4 
53. 1 
0.0 
62.2 60.1 69.0 
(bu./a~~e) 
123.5 147.2 124.5 
111.0 89.3 110.2 
89.6 96.0 89.8 
0.0 o.o 0.0 
119.9 140.2 120.8 
(tons/ac~e) 
12.8 19.1 13.1 
12.0 14.5 12.8 
12.7 13.0 12.8 
o.o o.o 0.0 
12.8 18.0 13.1 
(bales/ac~e} 
2.0 2.2 2.0 
1.7 1.2 1.6 
1.5 o.o 1.5 
0.0 o.o 0.0 
1.9 2.2 1.9 
(tons/acre) 
3.8 7.2 4.4 
3.3 4.1 3.3 
3.8 4.9 3.9 
3.9 o.o 3.9 
3.6 6.7 4.0 
(tons/acre) 
2.4 2.7 2.4 
2.2 2.2 2.2 
2.2 1.3 2.2 
1.2 0.0 1.2 
2.3 2.3 2.3 
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Table 38. (Conti noed) 
-------------------------------------------------------------Crop and 
________ _!£~~!g~--------- Yield 
land class Dry land Irrig. Total -or¥Iana-rrri9:-rotat 
-------------------------------------------------------------
Oats (000 acres) (bu./a:::re) 
I,II 4349 332 4682 71.7 84.4 72.6 
IIIE,IVE 2022 31 2053 56.4 64.0 56.5 
Other III,IV 245 53 298 61.2 70.6 62.9 
V-VIII 20 0 20 15.3 o.o 15.3 
Total 6637 416 7052 66.5 81.2 67.3 
Sorghum grain (000 acres) (bu. /acre) 
I,II 4062 676 4738 71.4 126. 6 79.3 
IIIE, IVE 1666 41 1707 50.5 72.1 51.0 
Other III,IV 3530 69 3599 41.7 60.9 42.1 
V-V II I 0 0 0 o.o o.o o.o 
Total 9257 786 10043 56.3 118.0 61.1 
Sorghum silage (000 acres) (tons/acre) 
I, II 2091 211 2301 12.4 25. 0 13.5 
IIIE, IVE 477 0 477 8.0 o.o 8.0 
Other III,IV 41 0 41 12.8 o.o 12.8 
V-VIII 0 0 0 o.o o.o o.o 
Total 2609 211 2820 11.6 25.0 12.6 
Soybeans (000 acres) ( bo. /acre) 
I, II 36126 131 36257 44.3 53.9 44.3 
IIIE,IVE 4269 6 4275 40.5 35.4 40.5 
Other III, IV 4391 0 4391 38.3 o.o 38.3 
V-VIII 0 0 0 o.o o.o o.o 
Total 44786 137 44923 43.3 53.2 43.4 
Sugar beets {000 acres) (tons/acre) 
I,II 1133 275 1408 17.8 23.7 18.9 
IIIE, IVE 0 32 32 o.o 19.4 19.4 
Other III, IV 101 71 172 21.4 20.5 21.0 
V-VIII 0 0 0 0.0 o.o o.o 
Total 1233 378 1611 18.1 22.7 19.2 
Wheat (000 acres) {bu. /a:::re) 
I,II 27170 1189 28960 37.8 50.7 38.6 
III E, IVE 14927 938 15864 33.4 46.4 34.2 
Other III,IV 5795 152 5947 39.1 53.5 39.5 
V-VIII 66 0 66 16.9 0.0 16.9 
Total 47958 2879 50837 36.6 49.4 37.3 
Other hay (000 acres) (tons/acre) 
Total 17224 6105 23329 1. 7 3.6 2.2 
Pasture (000 acres) (tons/acre) 
Total 310697 708 311406 0.6 2.9 0.6 
-------------------------------------------------------------
Table 39. 
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AcLeage and aveLage yield of CLops by land 
class in the United States with 3 ton maximum 
soil loss and 69-71 average expoLts in 2000 
(Model D) 
Crop and 
land class 
_________ !£rg~gg_________ __ _____ !i~l! _______ _ 
Barley 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 
Corn grain 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Corn silage 
I, II 
IIIE,IVE 
OtheL III,IV 
V-VIII 
Total 
Cotton 
I, II 
IIIE,IVE 
Other III, IV 
V-V III 
Total 
Legume hay 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Nonlegume hay 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Dryland IrLig. Total Dryland ILrig. Total 
(000 
5890 
3366 
1686 
0 
10943 
(000 
47663 
5131 
4124 
0 
56917 
(000 
1831 
0 
22 
0 
1853 
(000 
3363 
789 
287 
0 
4439 
(000 
22517 
10777 
629 
9 
33932 
(000 
11215 
8022 
1893 
121 
21251 
acLes) 
819 
122 
1423 
0 
2364 
acLes) 
865 
173 
86 
0 
1123 
acLes) 
51 1 
52 
33 
0 
596 
acLes) 
1103 
11 
0 
0 
1114 
acLes) 
4769 
587 
695 
0 
6051 
acres) 
340 
163 
62 
0 
565 
6709 
3489 
3110 
0 
13307 
48528 
5303 
4210 
0 
58041 
2342 
52 
55 
0 
2!J49 
4466 
800 
287 
0 
5553 
27285 
11364 
1324 
9 
39982 
11555 
8186 
1955 
121 
21816 
(bu./aGre) 
57.8 91.4 
54.8 59.8 
49.6 61.5 
0.0 o.o 
61.9 
55.0 
55.1 
0.0 
58.5 55.6 71.7 
(bu./acre) 
124.1 146.7 124.5 
108.6 86.5 107.8 
88.6 96.0 88.7 
0.0 o.o 0.0 
120.2 133.6 120.4 
(tons/acre) 
16.1 18.9 16.7 
0.0 16.6 16.6 
15.6 14.6 15.0 
0.0 o.o o.o 
16.1 18.5 16.7 
(bales/acre) 
1.8 2.5 1.9 
1.3 1.2 1.3 
1.5 o.o 1.5 
o.o o.o 0.0 
1.7 2.5 1.8 
(tons/3.CLe) 
3.9 6.9 4.4 
3.5 3.8 3.5 
3.9 4.7 4.3 
2.3 o.o 2.3 
3.7 6.4 4.1 
(ton s/acLe) 
2.4 2.8 2.4 
2.2 1.8 2.2 
1.9 1.3 1.9 
1.2 o.o 1.2 
2.3 2.3 2.3 
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Table 39. (Continued) 
-------------------------------------------------------------
Crop and _________ A££~~g~--------- Yield 
land class Dryland Irrig. Total -orriand-rrrig~-rotal 
-------------------------------------------------------------
Oats (000 acres) (bu./acre) 
!,II 6034 293 6327 72.5 89.8 73.3 
IIIE,IVE 2516 51 2567 65.3 60.2 65.2 
Other III, IV 375 52 426 59.5 71. 1 60.9 
V-VIII 30 0 30 13.6 o.o 13.6 
Total 8955 396 9351 69.7 83.5 70.3 
Sorghum grain (000 acres) (bu. /a::::re) 
I,II 4826 252 5077 66.7 130. 1 69.9 
IIIE,IVE 2066 18 2085 32.5 80.6 32.9 
Other III, IV 1706 0 1706 43.3 0.0 43.3 
V-VIII 0 0 0 o.o o.o 0.() 
Total 8597 270 8868 53.9 126.8 56.1 
Sorghum silage (000 acres) (tons/acre) 
I,II 2186 293 2478 11 • 4 25.0 13.0 
IIIE,IVE 26 0 26 8.2 o.o 8.2 
Other III, IV 279 0 279 8.1 o.o 8. 1 
V-VIII 0 0 0 0.0 0.0 o.o 
Total 2490 293 2783 11.0 25.0 12.5 
soybeans ( 000 acres) (bu. /acre) 
I,II 36356 100 36455 44.2 54.8 44.3 
IIIE, IVE 2696 0 2696 39.4 0.0 19.4 
Other III, IV 5182 0 5182 36.9 o.o 36.9 
V-VIII 0 0 0 o.o 0.0 o.o 
Total 44233 100 44333 43.1 54.8 43.1 
Sugar beets (000 acres) (tons/acre) 
I,II 1250 180 1429 17.7 24.4 18.5 
IIIE,IVE 0 46 46 o.o 17.4 17.4 
Other III,IV 101 71 172 21.4 20.5 21.0 
V-V III 0 0 0 o.o o.o 0.0 
Total 1350 297 1647 18.0 22.4 18.8 
Wheat (000 acres) (bu. /acre) 
I, II 22852 1059 23911 39.4 64.9 40.5 
IIIE,IVE 15487 1047 16534 33.1 43.7 34.3 
Other III,IV 4721 201 4921 28.4 49.2 29.3 
V-VIII 42 0 42 16. 2 o.o 16.2 
Total 43102 2307 45409 36.1 53.9 37.0 
Other hay (000 acres) (tons/acre) 
Total 17673 6100 23772 1.7 J. 6 2.2 
Pasture (000 acres) (tons/a ere) 
Total 313851J 2585 316439 0.6 2.4 0.6 
-------------------------------------------------------------
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the dryland and irrigated production patterns causes the 
major increase in overall yield. The changes from the 10 t~n 
restriction to the 3 ton restriction reflect changes in per 
acre yields on dryland and irrigated production alternatives. 
These yield increases result from shifts to regions of dif-
ferent productive capacity. Similar shifts in production 
patterns can be observed for the other crops consistent with 
their susceptibility to erosion or their relationship to 
other crops through rotational interactions. 
The data in Tables 36, 37, 38 and 39 reflect the acreage 
of the endogenous crops by land groups. The decline in tot~l 
acreage as the level of soil restriction is reduced is not 
reflected equally in the acreage of all crops. Cotton, which 
has no substitute in the agricultural sector, has a decline 
in acreage from 6.4 million acres with no soil loss restric-
tion to as lov as 5.3 million acres under the 5 ton restric-
tion. These changes are possible because of changes in yield 
per acre as the cotton is grown on the more productive class 
I and II lands and as it shifts regions. The most drastic 
change in acreage occurs in silage, both corn and s~rghum. 
The acreage of silage declines from 13.9 million acres with 
no soil loss restriction to 5.2 million acres vith a 3 ton 
restriction. The roughage component of the livestock ratio1 
provided from silages under the less restrictive soil loss 
alternatives is satisfied from the greater pr~ducti~n of 
119 
hays. The nonlegume hay acreage incre~ses fr~m 19 million 
acres under the unrestricted and 10 ton soil loss liaitatioms 
to 22 million acres under the 5 ton and 3 ton soil loss re-
strictions. The projected nonlegume hay acreage represents a 
decline in total acreage from the 1969 aYerage. The legume 
hays undergo an increase in acreage from 37 million to 40 
million acres. This change contrasts with the present situa-
tion where the 1969 acreage of legume hays of 27 million 
acres was less than the 35 million acres of nonlegume hay 
crops (3 5) • 
~~i!~§_in_1!!~2~2£~_£[Qgg~~i2n 
The shift in crop patterns has a direct effect on the 
feed consumption patterns in the livestock sector. The dat~ 
in Table 40 indicates the consumption of tae =rop comm~dities 
within the livestock sector. The reduction in the acres of 
corn and sorghum silage result in a decline im silage fed 
from 174 million tons uader no soil loss restriction to 
150 million tons under the 10 ton restriction, to 107 milliln 
tons under the 5 ton restriction, and to 76 million toms 
under the 3 ton restriction. To compensate for the reduction 
in nutrients from silage, more hay and pasture are used to 
maintain the balance in r3ughage and more corn, barley and 
oats are used to maintain the balance in energy. The substi-
tutions for the silages affect the high protein balance as 
the legume hays (9-15 percent digestible protein) and the 
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permanent pasture (1Q-15 percent digestible protein dependimg 
on maturity) have a relatively higher protein content than io 
the silages (2-5 percent digestible protein depending on 
type). The increase in corn and oats fed offsets the reduced 
utilization of sorghum and wheat. The increase in utiliza-
tion of one commodity to the exclusion of some other commodi-
ty reflects the lower cost of the former in tme nation's 
total agricultural bill. All shifts in production result be-
cause the soil loss restrictions change the relative costs of 
producing the commodities under the alternative technologie:; 
and the model selects the least-cost resource use and produ=-
tion pattern under each soil loss restraint. 
~~§QY'£~_Y§!-~Bg-i~£2!!_g!§1ri~YS~QQ 
Resource use and cropping patterns reflect the input 
usage most efficient under each alternative and are consist-
ent with the national, regional and farming practices 
utilized. The data in Tables 41, 42, 43 and 44 include the 
value of the inputs used in the production of row crops and 
close-grown crops under the alternative soil loss restric-
tions. The value of land and water represents the marginal 
value product of the last unit utilized as reflected by the 
shadow prices in the solution. The labor, ma=hinery and pes-
ticide costs are component costs in the cropping system bud-
gets. The "other costs" category includes the cost of fer-
tilizers and the associated miscellaneous i tells of produc-
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Table 41. Value of resource use in crop production by 
major zones in the United States for unlimited 
soil loss and 69-71 average exports in 2000 
(Model A).£/ 
Zone-item Land Water Labor Mach Pest Other rota! 
United State? 
Row crops~ 18.68 0.34 
Close crops£/ 11.112 0.30 
North Atlantic 
Row crops 
Close crops 
South Atlantic 
6.85 0.00 
4.80 o.oo 
Row crops 9.81 0.00 
Close crops 11.53 0.00 
North Central 
Row crops 20.81 0.00 
Close crops 9.74 0.00 
South Central 
Row crops 19.19 0.24 
Close crops 16.65 0.10 
Great Plains 
Row crops 14.66 2.24 
Close crops 6.19 0.22 
North West 
Rov crops 6.09 1.47 
Close crops 11.99 0.49 
South West 
Rov crops 
Close crops 
15.24 
13.75 
4.87 
2.06 
($ per acre) 
6.13 34.50 2.82 10.98 73.47 
3.29 23.99 0.68 3.69 43.40 
9.10 56.90 2.62 19.65 95.14 
4.85 31.72 5.67 13.65 60.71 
7.68 29.57 4.22 14.80 66.09 
4.75 35.86 0.12 15.39 67.68 
5.55 35.20 3.06 12.81 77.44 
3.21 24.45 1.26 5.11 43.79 
6.84 311.82 2.32 
3.01 23.12 0.16 
5.43 68.87 
2.07 45.14 
6.88 33.93 1.98 6.72 66.43 
3.24 25.57 0.32 -0.83 34.73 
8.70 14.92 0.73 
3.41 21.18 0.99 
5.12 21.36 0.66 
3.30 16.95 0.07 
8.94 40.87 
5.60 43.69 
1.90 49.17 
5.29 41.44 
~jincludes corn,cotton,sorghua,soybeans and sugar beets. 
-Includes barley,oats and wheat • 
.£.1va1uesare in terms of 1972 dollars. 
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Table 42. Value of resource use in crop prod~ction by 
major zones in the United States f~r 10 ton 
maximum s~il lops and 69-71 average exports in 
2000 (Model B).£/ 
Zone-item Land water Labor ~ach Pest Other Total 
United State7 
Row crops~ 18.38 0.33 
Close crops~/11.06 0.31 
North Atlantic 
Row crops 
Close crops 
South Atlantic 
6.43 o.oo 
6.00 o.oo 
Row crops 8.67 0.00 
Close crops 10.88 0.00 
North Central 
Row crops 20.98 0.00 
Close crops 9.57 0.00 
South Central 
Row crops 17.69 0.18 
Close crops 15.82 0.12 
Great Plains 
Row crops 14.46 2.12 
Close crops 5.97 0.22 
North West 
Row crops 6.11 1.47 
Close crops 11.96 0.49 
south West 
Row crops 13.53 4.90 
Close crops 13.43 2.05 
($ per acre) 
6.17 35.10 4.56 11.40 75.96 
3.36 24.63 0.81 3.70 43.90 
9.19 57.68 4.02 20.25 97.58 
4.66 30.52 7.71 13.88 62.78 
8.24 31.81 4.17 14.85 67.76 
5.37 42.24 1.22 17.25 76.98 
5.45 34.92 4.91 13.34 79.63 
3.26 24.85 1.32 5.29 44.30 
7.05 37.23 5.10 5.63 72.90 
3.22 24.74 0.42 2.18 46.53 
7.18 35.20 2.39 7.51 68.88 
3.22 25.48 0.34 -0.75 34.49 
8.37 14.89 0.72 
3.42 21.20 0.99 
5.63 23.98 1.08 
3.29 16.97 0.07 
9.79 40.38 
5.60 43.68 
1.27 50.41 
5.29 41.12 
~jrncludes corn,cotton,sorghum,soybeans and sugar beets. 
-Includes barley,oats and wheat • 
.£/values are in terms of 1972 dollars. 
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Table 43. Value of resource use in crop production by 
major zones in the United States for 5 ton 
maximum soil loss and 69-71 average exports in 
2000 (Model C)£/ 
Zone-item Land Water Labor !ach Pest Other rotal 
United State~ 
Row crops~ b/21.14 0.32 
Close crop~ 10.43 0.22 
North Atlantic 
Row crops 10.74 0.00 
Close crops 7.43 0.00 
South Atlantic 
Row crops 8.76 0.00 
Close crops 12.25 0.00 
North Central 
Row crops 24.94 0.00 
Close crops 10.23 0.00 
south Central 
Row crops 19.89 0.06 
Close crops 16.07 0.03 
Great Plains 
Row crops 17.21 1.11 
Close crops 4.79 0.06 
North West 
Row crops 
Close crops 
South West 
Row crops 
Close crops 
8.74 1.28 
9.13 0.19 
6.14 6.71 
9.98 1.54 
($ per acre) 
6.40 37.19 5.50 11.93 82.51 
3.36 24.84 0.73 2.53 42.14 
9.08 61.56 3.33 1B.87 103.60 
6.24 42.27 0.32 14.47 70.74 
8.90 38.43 5.93 17.55 79.60 
3.69 31.47 1.32 11.72 60.47 
5.35 35.44 5.96 12.83 84.55 
3.14 24.08 1.57 4.27 43.31 
7.93 41.33 5.39 7.56 82.18 
3.35 26.25 0.39 2.32 48.43 
7.38 38.46 4.14 7.24 75.57 
3.24 25.52 0.41 -2.15 31.88 
9.60 19.95 0.74 15.68 56.01 
3.68 23.57 1.01 3.35 40.94 
7.02 28.67 2.82 
2.96 17.29 0.08 
4.52 55.89 
2.55 34.42 
----~~~~~~~~~~-~~~~~~~~~~~~~~~~~~;~~~;;~;~;-~~~-~~~~~-~~~~;~-
-Includes barley ,oats and wheat • 
.£/values are in terms of 1972 dollars. 
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Table 44. Value of resource use in crop production by 
major zones in the United States f~r 3 ton 
maximum s~il lofs and 69-71 average exports in 
2000 (Model D).£ 
Zone-item Land Water Labor Mach Pest Other Total 
United States 
Row crops~/ 21.45 0.33 
Close crops~/13.61 0.31 
North Atlantic 
Row crops 10.39 0.00 
Close crops 10.51 0.00 
south Atlantic 
Row crops 11.91 0.00 
Close crops 18.94 0.00 
North Central 
Row crops 26.58 0.00 
Close crops 12.42 0.00 
south central 
Row crops 22.27 0.11 
Close crops 18.91 0.04 
Great Plains 
Row crops 13.09 1~23 
Close crops 8.67 0.28 
North West 
Row crops 7.98 1.55 
Close crops 13.91 0.47 
south West 
Row crops 21.52 5.71 
Close crops 14.63 2.12 
($ per acre) 
6.26 37.44 6.48 12.44 86.42 
3.36 25.16 1.23 2.13 45.83 
9.40 59.61 4.13 16.60 100.15 
6.05 40.60 5.50 11.26 73.94 
9.00 37.06 6.10 16.36 80.45 
4.11 35.62 0.90 12.99 72.57 
5.31 36.62 7.01 13.51 89.06 
3.25 24.56 2.26 ~.96 47.47 
7.30 40.21 6.45 8.58 84.95 
3.13 25.38 0.55 0.36 48.39 
6.17 36.84 2.27 3.51 63.14 
3.31 26.52 0.38 -1.19 37.98 
10.29 15.82 0.71 10.10 46.47 
3.43 21.78 0.98 6.04 46.64 
10.16 35.36 7.12 12.61 92.51 
3.49 20.06 1.93 0.18 42.42 
~/Includes corn,cotton,sorghum,soybeans and sugar beets. 
~/Includes barley,oats and wheat • 
.£/Values are in terms of 1972 dollars. 
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tion. In some zones, the Great Plains in particular, this 
component of the cost structure is negative, representing am 
income to the rotation. This income results ss the nitrogem 
balance restriction forces the disposal of livestock wastes 
in all areas. In other words, livestock producers would have 
to pay to dispose of the wastes from their livestock enter-
prise, reflecting an income or negative cost to the crop 
sector. This situation results only in certain producing 
areas of the Great Plains and South Central z~nes. 
At the national level an increase in total per acre re-
source input is specified for the row crops with each succes-
sive reduction in the level of allowable soil loss, Tables 
41, 42, 43 and 44. The per acre return from close-grown crops 
increases for the 10 ton restriction, declines for the 5 ton 
restriction and increases again under the 3 t~n restriction. 
~ost of the decline in value of resource use in close-grown 
crops under the 5 t~n restriction results from reduced fer-
tilizer use as close-grown crops in some producing areas of 
the Great Plains and sout~ Central zones receive both a "pay-
ment" and nitrogen for fertilizer from the livestock sector 
for disposal of excess wastes. The return to land increases 
as the land capable of meeting the soil loss restriction at 
lowest cost becomes relatively more valuable due to the 
higher prices for the commodities produced. rhe return to 
water is relatively .unaffected by alternate soil loss re-
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strictions and reflects the 11inor required shifts in the ir-
rigated production patterns. The value of labor utilized im-
creases slightly and reflects the increased requirement asso-
ciated with the more time-consuming, conservation-tillage 
practices utilized to meet soil loss restriction. Machinery 
use per acre also increases for both row crops and close-
grown crops as a result of the increased time required for 
the conservation-tillage practices on more land (which does 
not offset the reduction in machinery use associated with 
reduced tillage practices) • Per acre expenditures on pesti-
cides increases as the allowable soil loss level is reduced. 
Chemical methods of control for weeds and insects must be in-
creased under the reduced tillage procedures which are sub-
stituted for conventional tillage control methods. At the 
national level, the "other costs" increase for row :::rops as 
the cost of nitrogen increases in line with commercial 
prices. The close-grown crops, on the other hand, show a de-
cline in "other costs" as the concentration of these crops 
moves more to the Great Plains and South Central zones where 
nitrogen is supplied by the livestock enterprises at little 
or no expense (and in some cases as an income to the crop). 
The change in value of resource use under the alterna-
tive soil loss restrictions has a direct effe:::t on the dis-
tribution of income within the agricultural sector. At the 
national level, land receives 25.5 percent of the return from 
128 
sales associated with row crop production under the no soil 
loss restriction alternative, water receives 0.5 percent, and 
labor receives 8.3 percent. !achinery expenses accounted f~r 
47.0 percent, pesticides for 3.8 percent and aiscellaneous 
costs including fertilizer accounted for 14.9 percent, Table 
45. Onder a 10 ton soil loss restriction the proportion of 
the total return to row crops attributed to land, water and 
labor declines, indicating a lower per acre relative return 
over costs when compared to the unrestricted alternatives. 
The percentage of the total return attributed to land in-
creases sufficiently under the 5 ton restriction to give a 
larger share of the retarn to land, water and labor than 
under the 10 ton restriction but not enough to equal the pr~­
portion received by these sectors in the unrestrained alter-
native. The increase in the share going to land is suffi-
cient at the 3 ton restriction level to increase the propor-
tion of total returns to land, water and labor above that re-
ceived under the no soil loss restriction. A similar pattern 
is followed for the close-grown crops. 
The relative shift in proportion of tae returns receiva-
ble by each sector indicates the shift in the relative incoae 
position of each of the sectors. If the landowner is sepa-
rate from the labor supply, a conflict may arise as conserva-
tion programs at a 3 ton restriction level increase the in-
comes of both but a greater proportion of the total is indi-
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cated for the landowner. The labor sector has a higher total 
return per acre but relative to the land, labor return has 
declined. With a mild soil loss restriction, 5 or 10 tons 
per acre, the aggregate farm supply sector re=eives more of 
the return and the land and labor (i.e., renters) have less 
income incentive for undertaking conservation programs. 
Within the farm supply sector, the pesticide distribution has 
greater relative income per acre with each successive reduc-
tion in allowable soil loss. 
The total return to each of the resource sectors under 
the alternative levels of soil loss restriction is given in 
Table 46. The return to all sectors at the Rational level, 
except pesticid~s, declines with the initial soil loss re-
striction, even for those sectors which have an increased re-
turn per acre, Tables 41 and 42. The reduction in total re-
turn is due to the decline in acreage of row =rops fro• 148 
million acres to 141 million acres and of close-grown crops 
from 76 million acres to 74 million acres. The 5 ton soil 
loss restriction increases the return to the agricultural 
sector to 14,314 millioD dollars, as compared to 14,163 mil-
lion dollars under the unrestricted alternative. However, 
the only sectors above the level of the unrestricted model 
are land and pesticides. The 3 ton restriction increases the 
value of the returns in the agricultural sector to 14,951 
million dollars. Land at 4,144 million dollars and pesticides 
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at 961 million dollars again are the only sectors above the 
level of the unrestricted soil loss alternatiYe. Hence, per-
sons controlling land on which production remains would gain 
in both relative income and absolute income over the labor 
and water sectors. Similarly, the producers of pesticide 
inputs would gain in relative share of the crop expense 
dollar. 
The data in Table 47 indicate the total value of re-
sources utilized in agricultural production under each soil 
loss alternative in each of the seven major zones. The North 
Atlantic zone varies little except under the 5 ton restric-
tion. Its value of resources used then increases to over 6JO 
million dollars from the 400-500 million dollar range under 
the other three alternatives. The south Atlantic and south 
Central zones have reduced total resource utilization as the 
soil loss restriction is lowered and cropped acreage de-
clines. The North Central and Great Plains zones have in-
creased income from the agricultural sector as acreages 
expand and the more intensive conservation practices increase 
input utilization, especially pesticides. The two zones in 
the West increase the value of resources used in agricultural 
production, especially as the soil loss restriction reaches 
the 3 ton level. 
In general, the more productive lands experience an in-
crease in return while the less productive have a reduced 
133 
Table 47. Total returns to the regional agricultural 
relaten sectors from the production of row crops 
and close-grown crops for alternative levels of 
soil loss restriction in 2000. 
Region/crop 
United States 
rm•J crops 
close crops 
total 
:Jorth .\ t 1 antic 
rov1 crops 
close crops 
total 
South Atlantic 
row crops 
close crops 
total 
north Central 
rovJ crops 
close crops 
total 
South Central 
row crops 
close crops 
tota 1 
Great Plains 
rm•1 crops 
close crops 
total 
North \'lest 
rm-1 crops 
close crops 
total 
South Hest 
rovv crops 
close crops 
total 
Sojl loss restrjctjon 
unrestricted 10 ton 5 ton 3 ton 
10887 
3276 
14163 
353 
103 
456 
706 
217 
923 
7040 
851 
7891 
1973 
936 
2919 
499 
562 
1061 
71 
339 
410 
244 
269 
513 
(million dollars)~/ 
10740 
3260 
14000 
357 
77 
434 
653 
210 
863 
6994 
846 
7840 
1924 
957 
2881 
483 
571 
1054 
70 
339 
409 
258 
261 
519 
11220 
3094 
14314 
447 
176 
623 
801 
53 
854 
7161 
812 
7973 
1996 
955 
2951 
422 
494 
916 
110 
317 
427 
282 
288 
570 
11615 
3336 
14951 
336 
154 
490 
687 
53 
740 
7870 
838 
8708 
1689 
962 
2651 
436 
694 
1130 
84 
369 
453 
514 
265 
779 
~IValuPs are In terms of 1972 dollars. 
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relative return, Tables 48, 49, 50 and 51. At the national 
levels, the marginal value product of an acre of class I or 
II landunder the unrestricted alternative is S20.60. This 
increases to $25.30 under the 3 ton restricti~n. Tbe value 
product of the class V-VIII lands drops, boveYer, fLom $10.87 
per acre to $7.05 per acre as the allowable soil loss level 
is reduced to 3 tons. All zones have an increase in the 
value of highly pLoductive class I and II lanis as the 
allowable level of soil loss is reduced. The variation by 
region and by land class results fLom the linearity chaLac-
teristics of the model used, but when the individual regions 
are weighted together, the national averages indicate the 
relative shift in income among the owners of acres in the al-
ternate land classes. The change in income distribution 
among land classes incorporates the fact that 11 million ad-
ditional acres would be shifted or idled from pLoduction as 
the soil restriction progresses from no restriction to the 3 
ton restriction. The reduction in income from idled lands is 
especially severe in the South Central zone wbere over 14 
million acLes of additi~nal idled land results if the 3 ton 
restLiction is implemented. The South Atlantic has an in-
crease of idled land of over 4 million acres fLom tbe unLe-
stricted analysis to the 3 ton restriction. Zones increasing 
land used between the unrestricted and 3 ton Lestriction al-
ternatives include the Great Plains (about 5 million acLest 
Table 48. 
135 ! 
Shadow prices(marginal value products) of 
alternative land classes in major z~nes ia 2000 
(ftodal A ) 
-------------------------------------------------------------
Land classes 
Zone 
-----------------other ______________ _ 
I,II IIIE,IVE III-IV V-VIII Jther~/Total£/ 
--~----------------------------------------------------------
United States 
North Atlantic 
South Atlantic 
North central 
South Central 
Great Plains 
North West 
South West 
20.60 
8.41 
14.48 
21.71 
24.90 
12.60 
26.24 
23.82 
10.6"1 
0.62 
7.38 
12.57 
12.87 
5.20 
10.34 
8.86 
($ per acre)£./ 
12.02 
o.oo 
6.19 
10.42 
16.06 
4.10 
6.80 
17.78 
1 0 .. 87 
o.oo 
o.oo 
o.oo 
14.52 
0.00 
3.84 
6 .. 12 
~/other hay and pasture lands. 
£/Excluding other hay and pasture lands. 
E./ Values are in terms of 1972 dollars. 
2. 92 
3.66 
3.84 
6.25 
3.15 
2. 12 
2.60 
1.07 
17.35 
7.50 
13.04 
19.68 
19.41 
9.55 
15.37 
17.24 
Table 49. Shadow prices(marginal value produ=ts) of 
alternative land classes in major zones in 2000 
(Model B ) 
Land classes 
Zone 
-----------------ot~er ______________ _ 
I, II IIIE,IVE III-IV V-VIII Other~/ Total£/ 
-------------------------------------------------------------($ per acre)£/ 
United States 20.01 9.95 10.43 5.68 
North Atlantic 7. 94 0.19 0.25 o.oo 
South Atlantic 1 J. 15 5.89 4.52 o.oo 
North Central 21.40 11.45 10.37 o.oo 
south Central 23.44 12. 18 12.53 4.21 
Great Plains 12.57 li.74 4.16 o.oo 
North West 26.22 10.30 6.78 4.68 
south West 21.74 8.33 18.93 6.12 
!!./Other hay and pasture lands. 
w~xcluding other hay and pasture lands. 
£/Values are in terms of 1972 dollars. 
J.J2 16.77 
3.57 7.75 
3.86 12.07 
6.78 19.46 
3.28 17.96 
2.13 9.40 
2.59 15.35 
1. OS 16.14 
Table so. 
Zone 
United States 
North Atlantic 
south Atlantic 
North Central 
South Central 
Great Plains 
North West 
South West 
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Shadow prices(marginal value products) of 
alternative land classes in major zones in 2000 
(Model c ) 
Land classes 
-----------------other ______________ _ 
I,II IIIE,IVE III-IV V-VIII Othar~/Total~/ 
($ per acre)£/ 
22.117 9.06 9.72 6.72 2.71 18.22 
12.74 o.oo 0.80 o.oo 1.73 11.03 
13. 22 111.17 6.04 0.00 4.09 12.71 
25.08 14.70 13.55 0.00 5.97 23.16 
26.00 11.77 10.33 o.oo 3.09 18.97 
12.54 2.26 1. 77 0.00 1.76 8.113 
26.85 5.86 7.10 0.00 2.30 13.66 
16.28 3.07 12.14 16.50 0.71 10.59 
-------------------------------------------------------------~/other hay and pasture lands. 
~/Excluding other hay and pasture lands. 
£/values are in terms of 1972 dollars. 
Table 51. Shadow prices(marginal value produ=ts, of 
alternative land classes in major zones in 2000 
(Model D ) 
Land classes 
-----------------other _______________ 
Otha r!!./ Total~/ Zone I, II IIIE,IVE III-IV V-VIII 
-------------------------------------------------------------
($ per acre)£/ 
United States 25.30 11.93 11.211 7.05 
North Atlantic 12. 66 o.oo 4.18 o.oo 
South Atlantic 18.84 19.65 16.22 o.oo 
North Central 27.1 q 14.70 13.29 o.oo 
South central 30.54 14.00 8.55 5.86 
Great Plains 11.1.64 7.03 6.01 0.00 
North West 32.75 11.03 9.27 8.67 
south West 25. 93 7.85 30.64 7.23 
~/other hay and pasture lands. 
~jExcluding other hay and pasture lands • 
.£. Values are in terms of 1972 dollars. 
3. 39 21.07 
3.56 12.36 
4.8Q 18.72 
7.92 24.46 
3.27 23.08 
2.56 11. q 7 
3.19 18.13 
0.96 20.09 
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and the North central (about 2 million acres). 
A similar shift in income distribution o=curs in the wa-
ter sector. Total consumptive use of water by agriculture 
ranges from 55 million acre feet under the unrestricted and 
10 ton restriction alte~natives, to 49 aillion acre feet 
under the 5 ton restriction and back to 53 million acre feet 
under the 3 ton restriction, Tables 52, 53, 54 and 55. The 
major river basins most affected by the change in water use 
include the Arkansas-White-Red with a decline in consumptive 
use from 4.0 million acre feet under the unrestricted alter-
native to 2.1 million acre feet under the 3 ton restriction. 
The california-South Pacific experiences a fluctuation, espe-
cially under the 5 ton restriction vhen water use in the area 
drops by 6 million acre feet from the less restrictive alter-
natives and then regains use of 5 million acre feet under the 
3 ton restriction. 
!i~2~en_~ilan£!2 
Utilization of nitrogen provides an additional evalua-
tion of resource use. The nitrogen balance restraints in the 
model prevent any regional accumulation of livestock wastes 
and encourages the use of legume crops in rot~tion with the 
nonlegume crops. The total utilization of nitrogen increases 
slightly as the level of soil loss restriction is reduced, 
Table 56. This is consistent with the higher yields per acre 
and the higher commodity prices making fertilizer, at a set 
Table 52. 
River basin 
Western basins 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
u. Colorado 
L. Colorado 
Great Basin 
Col.-N. Pacific 
Cal. -s. Pacific 
Western basins 
Missouri 
Ark.-White-Bed 
Texas-Gulf 
Rio Grande 
u. Colorado 
L. Colorado 
Great Basin 
Col.-N. Pacific 
Cal.-S. Pacific 
138 
Withdrawals and consumptive use of w~ter in 
the western river basins with unlimited soil 
loss and 69-71 average exports in 2000 (K~del 
A) 
--------~~Qj!~1!~-~~~~----------------Total Municipal & 
1965!./ Agriculture industrial!!/ Jther.£1 Total 
151733 
21668 
10 541 
18382 
8165 
4500 
7774 
5730 
33191 
41782 
75050 
11822 
6580 
8165 
4632 
2220 
3862 
2524 
11785 
23460 
(000 acre feet per year) 
Withdrawals 
72283 
12961 
5893 
2182 
4104 
2174 
2815 
1736 
23201 
17217 
51323 
6172 
8395 
16890 
1222 
1079 
1457 
1034 
8289 
6785 
Consumptive use 
54947 
10027 
4026 
1466 
1619 
2557 
2044 
1612 
17076 
14520 
21300 
1223 
1400 
7749 
557 
495 
678 
445 
7171 
1582 
7429 
2218 
0 
227 
0 
198 
2085 
1276 
1425 
0 
6613 
2218 
0 
227 
0 
144 
1851 
908 
1265 
0 
131035 
21351 
14288 
19299 
5326 
3451 
6357 
4046 
32915 
24002 
82860 
13468 
5426 
9442 
2176 
3196 
4573 
2965 
25512 
16102 
!.~ource: (3SA, Tables 7-3-4 and 7-3-5). 
£rncludes rural domestic, municipal, self-supplied 
industrial, recraati~n, mining and thermal electric power. 
£~ncludes onsite uses and w~ter exports out ~f the 
western basins. 
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Table 53. Witmd~avals and consumptive use of water in 
the veste~n ~iver basins vith 10 ton maximum 
soil loss and 69-71 average expo~ts in 2000 
River basin 
Western basins 
Missouri 
A~k.-White-Red 
Texas-Gulf 
Rio Grande 
U. Colorado 
L. Colorado 
Great Basin 
Col. -N. Pacific 
Cal.-S. Pacific 
Western bas ins 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
u. Colorado 
L. Colorado 
Great Basin 
Col. -N. PacJ.fic 
Cal. -s. Pacific 
(Model B ) 
________ f£Qj~£!~g-~QQQ _______________ _ 
Total ~unicipal & , 1965~/Agriculture industrial~lother£1 Total 
151733 
21668 
1 05ll 1 
18382 
8165 
4500 
7774 
5730 
33191 
41782 
75050 
1182 2 
6580 
816 5 
4632 
2220 
3862 
2524 
11785 
23460 
(000 acre feet pe~ year) 
Withdrawals 
72560 
13217 
5989 
2168 
4104 
2174 
2755 
1736 
23205 
17212 
51323 
6172 
8 395 
16890 
1222 
1079 
1457 
1034 
8 289 
6785 
consumptive use 
55283 
10199 
4093 
1458 
1619 
2557 
2149 
1612 
17078 
14518 
21300 
1223 
1400 
7749 
557 
495 
678 
445 
7171 
1582 
7429 
2218 
0 
227 
0 
198 
2085 
1276 
1425 
0 
6613 
2218 
0 
227 
0 
14 4 
1851 
908 
1265 
0 
131312 
21607 
14384 
19285 
5326 
3451 
6297 
4046 
32919 
23997 
83196 
13640 
5493 
9434 
2176 
3196 
4678 
2965 
25514 
16100 
-----i,;~~~~~~--(;;;,-;~~~~~-;:.;=~-~~~-~=;=;):-----------------
~~ncludes rural domestic, municipal, self-supplied 
industrial, recreation, mining and thermal electric power. 
£~ncludes onsite uses and water exports out of the 
western basins. 
Table 54. 
River basin 
Western basins 
Missouri 
Ark. -White-Red 
Texas-Gulf 
Rio Grande 
u. Colorado 
L. Colorado 
Great Basin 
Col. -N. Paci fie 
Cal.-S. Pacific 
Western basins 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Gran de 
u. Colorado 
L. Colorado 
Great Basin 
Col.-N. Pacific 
Cal.-S. Pacific 
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Wit~drawals and consumptive use of water in 
the western river basins with 5 ton maximum 
s~il loss and 69-71 average exports in 2000 
(Model c ) 
________ f[Qjg£~gg_~QQQ _______________ _ 
Total/ Municipal &1 1 196~ Agriculture industrial£ Othar~ rota! 
151733 
21668 
10541 
18382 
816 5 
450 0 
7774 
5730 
33191 
41782 
75050 
11822 
6580 
816 5 
4632 
2220 
386 2 
2524 
11785 
23460 
(000 acre feet per yaar) 
Withdrawals 
65946 
12928 
56!J9 
2198 
4107 
2313 
2749 
1902 
22505 
11595 
51323 
6172 
8395 
16890 
1222 
1079 
1457 
1034 
8 289 
6785 
Consumptive use 
48622 
10026 
3740 
14 79 
16 08 
2649 
2152 
1742 
16666 
8560 
21300 
1223 
1400 
7749 
557 
495 
678 
445 
7171 
1582 
7429 
2218 
0 
227 
0 
19 8 
2085 
1276 
1425 
0 
6613 
2218 
0 
227 
0 
144 
185 1 
908 
1265 
0 
124698 
21318 
14044 
19315 
5329 
3590 
6 291 
4212 
32219 
18380 
76535 
13467 
5140 
9455 
2165 
3288 
4681 
3095 
25102 
10142 
.!!~ource: (35A, Tables 7-3-11 and 7-3-5). ~Includes rural domestic, municipal, self-supplied 
industFial, recreati:>n, mining and thermal electric power. 
£~ncludes onsite uses and water exports out of the 
western basins. 
Table 55. 
River basin 
western basins 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
u. Colorado 
L. Colorado 
Great Basin 
Col.-N. Pacific 
cal. -s. Pacj.fic 
Western basins 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
u. Colorado 
L. colorado 
Great Basin 
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Withdrawals and consumptive use of water in 
the western river basins with 3 ton maximum 
soil loss and 69-71 average exports in 2000 
(Model D ) 
________ f£Qj~£!~~-~oo~----------------
Total, Municipal g1 1 1965-~.1 Agriculture industrial-' Other£ Total 
(000 acre feet per year) 
Withdra11als 
151733 69804 51323 7429 128556 
2166 8 13336 6172 2218 21726 
1054 1 3907 8395 0 12302 
18382 17 40 16890 227 18857 
816 5 4114 1222 0 5336 
4500 2307 1079 198 3584 
7774 3189 1457 2085 6731 
5730 2073 1034 1276 4383 
33191 22413 8289 1425 32127 
41782 167 25 6785 0 23510 
Consumptive use 
75050 53091 21 300 6613 81004 
1182 2 10 317 1223 2218 13758 
6580 2704 1400 0 4104 
816 5 1195 7749 227 9171 
4632 1633 557 0 2190 
2220 2638 495 144 3277 
3862 2427 678 1851 4956 
2524 1873 445 908 3226 
Col. -N. Pacific 11785 16502 7171 126 5 24938 
Cal.-S. Pacific 23460 13802 1582 0 15384 
-----;;~.--------------- ----------------- --· ---------------------
-·;:;ource: (35A, Tables 7-3-4 and 7-3-5). 
£~ncludes rural domestic, municipal, self-supplied 
industrial, recreation, aining and thermal electric power. 
£~ncludes onsite uses and water exports out of the 
western basins. 
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Table 56. Nitrogen sources and use for alternative levels of soil loss 
restriction in 2000 
Nitrogen source 
unrestricted 
Livestock wastes 8728 
Legume crops 8496 
Commercial purchas~/ 6013 
Total utilized 23237 
Soil loss restriction 
10 ton 5 ton 
(million pounds) 
8732 8752 
8713 8615 
6053 6540 
23498 23907 
3 ton 
8728 
8939 
6285 
23952 
~/1970 usage of commercial N fertilizers totaled 14,623 million 
pounds. 
Table 57. Indication of relative farm level prices for some agricultural 
commodities for alternative soil loss restrictions in 2000 
Commodity 
Corn 
Wheat 
Soybeans 
Cotton 
Hay 
Beef 
Pork 
Milk 
Soil loss restriction 
unrestricted 10 ton 5 ton 
(unrestricted model = 100) 
100 100 107 
100 99 103 
100 101 115 
100 100 112 
100 99 101 
100 100 104 
100 100 105 
100 100 100 
3 ton 
106 
103 
121 
125 
106 
105 
104 
102 
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price, a more economically attractive input at lover soil 
loss levels. Part of the increase in fertilize~ nitrogen 
comes from the increased ac~eage of legume crops and the 
crop-supplied nitrogen increases from 8,496 million pounds 
to 8,939 million pounds. Livestock production of nit~ogen­
equivalent wastes remains constant near 8,700 million pounds, 
since the changes in number of livestock is influen~ed only 
by changes in p~oductivity (given the equal demands for the 
livestock products unde~ all alternatives}. The trade-off 
capability of the model is exhibited in the case of the 5 ton 
restriction when nit~ogen from the legume crops declines and 
the commercial purchase of nitrogen increases to maintain the 
total utilization of nit~ogen in line with trends. 
P~ ice Effects 
The indications to this point in the analysis suggest i 
relatively small impact on the agricultural sector at the na-
tional level~ Regionally, the impacts are more pronounced, 
especially with regard to regional and inter-~esource income 
distribution. Consumers constitute the remaining group in 
the system and, in most cases, are also proponents of an im-
proved environment. The ~esults show that a reduced leTel of 
soil loss is technically feasible through the imposition of 
appropriate per acre limits on sheet and rill e~osion. The 
cost to the majority of society is reflected in the changing 
prices of the agricultural bill. The pricing system reflects 
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little change in the price of the agricultural bill, as the 
soil loss limit is initially reduced with a 10 ton restric-
tion, Table 57. A restriction on soil loss at the 5 ton 
level results in all prices except milk increasing. Soybeans 
and cotton increase 15 and 12 percent, respectively, above 
their no soil loss restriction levels. The 3 ton restricti~n 
further increases prices on most commodities. Commodities 
such as soybeans, cotton and corn, which are included in the 
more highly erosive row crops category, have larger price in-
creases than wheat. The price increases also ~re closely re-
lated to the regional patterns. Cotton and soybeans are 
grown extensively in the south Atlantic and s~uth central 
zones where crop production practices change more extensively 
than in the other areas when soil loss restrictions are 
imposed. The increased price of hay is related to the oppor-
tunity cost of row crops as the hay is included in rotations 
competing forthe highly productive more erosiva lands in the 
North and South central zones. 
Livestock prices reflect the changes in the prices of 
the major components of their rations. Beef production uses 
high levels of corn, hay and some soybeans. Pork production 
utilizes a large amount of the concentrates and thus its 
price follows the price of corn. Milk production, on the 
other hand, utilizes large quantities of the hays and silages 
and locationally concentrates in the West and Lake states 
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zones where the close-grown crops are produced. Also con-
tributing to the lower increase in price is tme relatively 
smaller feed cost as a proportion of total cost for dairy as 
compared to beef and pork. 
The soil loss analysis indicates that the assumed de-
mands can be met with little impact on the national agricul-
tural sector and mild regional shifts. What if dem~nd was 
greater? At what level could the conservation practices 
still maintain the soil loss restrictions? The next chapter 
deals with expanded dem~nd possibilities in conjunction with 
a 5 ton per acre soil loss restriction. Demand is increased 
through exports for wheat, feed grains and soybeans, and pro-
duction patterns and soil loss effects again ~re evaluated. 
146 
THE IMPACT OF EXPANDED EXPORTS 
The previous section dealt vita the impact within agri-
culture of alternative per acre soil loss restricti~n levels 
when agricultural exports were at 1969-71 annual average 
levels. Experiences in 1972 and 1973 have shown the possi-
bility of greatly expanded levels for the export of feed 
grains, wheat and soybeans. Hence, two additional alterna-
tives are considered in conjunction with the 5 ton soil loss 
restriction. Initially, the export levels of feed grains, 
wheat and oilmeals are doubled from the 1969-71 average 
annual level. Then they are increased to three times this 
level, Table 58. 
Table 58. The level of export of the feed grains, wheat 
and oilmeals in 2000, with a 5 ton soil loss 
restriction. 
Commodity (units) 
Corn (bu.) 
Sorghum (bu.) 
Barley (bu.) 
Oats (bu.) 
Wheat (bu.) 
Oi lmeals (cwt.) 
Export alternative 
69-71 ave 2 * ave 3 * ave 
626333 
126666 
48666 
15666 
658719 
276407 
(000) 
1252666 
253332 
97332 
31332 
1317438 
552814 
1878999 
379998 
145998 
46998 
1976157 
829218 
ftiRepresents exports during the 1972-73 crop year. 
1973.£/ 
1250000 
190800 
G66300 
23500 
1846600 
317400 
147 
In formulating a p3licy encoucaging e~panded exports, 
the policy makers must consider alternative iapacts similar 
to the decisions considered in determining the effects of the 
soil loss restrictions. Trade-offs in environmental quality 
result as greater output is developed. More land in produc-
tion means more soil loss in total and possibly per acre if 
the new lands are not equally capable of receiving erosion 
control managemant. Also, greater quantities of inputs must 
be utilized, thus increasing the application of pesticides 
and fertilizers on a regional basis, if not on a per acre 
basis also. 
Production Patterns Under Expanded Exports 
Agricultural land use increases from 613 million under 
the 5 ton average export model to 653 million acres acres 
when exports are doubled and to 702 million a=res when 
exports are tripled, Table 59. Even though the increased 
exports were of the comaodities associated with the row crop 
and close-grown crop categories, all acreage categories in-
crease as exports are expanded. Rotation roughage crops in-
crease as more erosive land is brought into production and 
the roughage is grown in rotation with the required crops. 
Even with the increase in rotation roughage crops the 
nonrotation or permanent roughage crops also increase in 
acreage indicating a greater roughage level ia livestock 
rations as some of the grains previously fed are now allocat-
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Table 59. National production of row crops, close-grown 
crops, rotation roughage crops, and permanent 
roughage crops with a 5 ton soil loss restriction 
and alternative export levels in 2000. 
Ex.Rgrt alt~roati~~ Land use 69-71 ave. 2 * ave 3 * ave 
(000 acres) 
Acres cultivated 258882 295047 337299 
row crops 136035 159308 174495 
close-grown crops 73478 84411 91746 
rotation roughage 
crops 49369 51328 70988 
Permanent roughage 
crops 334734 349349 354418 
Summer fallow and 
exogenous crops 7788 8197 10316 
Total agricultural 
lands 613310 652593 702033 
Table 60. Acreage of cultivated land by region with a 5 ton 
soil loss restriction and alternative export 
levels in 2000. 
Region '~~Q[t g]t~[Dgti~~ 69-71 ave. 2 * ave 3 * ave 
(000 acres) 
Nation a 1-!:!./ 258882 295049 337299 
North Atlantic 6680 8187 10742 
South Atlantic 10225 14401 18088 
North Central 114340 127725 138711 
South Central 66142 70409 78705 
Great Plains 35367 46409 59437 
North \'lest 11603 12357 14494 
South West 14487 15561 17055 
!!.1Total does not sum due to rounding in the regional part. 
149 
ed to the export market. The summer fallow and exogenous 
crop category increases, Table 59, and with the fixed level 
of exogenous crops, this indicates an increase in sammer 
fallow as the expanded agricultural plant moves to areas 
where summer fallow rotations are advantageous for produc-
tion. 
~~gg_y§~-~gg_it£ig~~~g-~££g~~ 
Regionally, the increased cultivated land concentrates 
more in the south Atlantic and Great Plains zones, Table 60. 
Nationally, cultivated acreage increases 14 percent as 
exports are doubled and an additional 14 percent as exports 
triple. Given the 5 ton soil loss restriction, the South 
Atlantic zone would gain the most from a doubling of exports 
as its cultivated acreage increases by 41 per~ent compared to 
31 percent in the Great Plains, 23 percent in the North 
Atlantic, and only 12 percent in the North Central zones. 
Tripling exports of the feed grains, wheat and oilmeals indi-
cates the capacity restraints in most zones, as those zones 
with the major increases under the doubling export alterna-
tive experience a reduced absolute and percentage increase in 
acr€age with the further increase in exports. The North Cen-
tral zone, where production concentrated under the soil loss 
restrictions, and the associated lover export levels, in-
creases its acreage only 12 percent as exports double and 
then only an additional 9 percent as the exports triple. 
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Similar changes occur in the South Atlantic and Great Plains 
while the North Atlantic, south Central and Western zones in-
crease proportionately more after exports double, Table 60. 
Irrigated lands for all uses increase from 29 million 
acres under the 5 ton average export model, T~ble 33, to 30 
million acres vhen exports are doabled, Table 61, and ~o 33 
million acres as exports are tripled, Table 62. This repre-
sents only an initial 3 percent and subsequent 10 percent in-
crease in irrigated acreage as exports increase, compared to 
a 14 percent increase for total cultivated acreage at each 
subsequent increase of exports. Most of the increase in ir-
rigated acreage is for close-grown crops with minor changes 
for other cropping uses. The small increase in acreage for 
the row crops occurs on the class I and II land while the in-
crease in irrigated acreage of close-grown crops occurs on 
all land classes* with the other III and IV class experienc-
ing the largest percentage increase. 
Regionally, the pattern shifts as the in=rease in irri;-
ated row crops occurs ia the Great Plains and the south cen-
tral while the western zones have reductions in irrigated r~w 
crop acreage. No zone has a decline in total irrigated acre-
age. The Great Plains has a reduction in irrigated pasture, 
moving water to higher valued uses* while the North West has 
an increase in irrigated pasture as exports of wheat, feed 
grains and oilmeals increase. 
Table 61. 
Zone and 
soil class 
United States 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
North P.tlantic 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Atlantic 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
North central 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Central 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Great Plains 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
North West 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South West 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
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Irrigated acreages in major zones with 5 ton 
maximum soil loss and double 69-71 exports in 
2000 ( Plo del E) 
Row 
7096 
5517 
579 
976 
24 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
0 
0 
0 
1110 
952 
47 
111 
0 
2939 
2330 
342 
261 
6 
1447 
933 
122 
379 
13 
1598 
1300 
68 
225 
5 
Close 
grown 
All 
hay 
( 000 acres) 
7874 
4096 
1412 
2364 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
995 
632 
70 
292 
1 
1525 
836 
451 
238 
0 
2117 
1062 
467 
587 
1 
3237 
1566 
1124 
1247 
0 
12341 
4906 
626 
693 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
445 
336 
0 
109 
0 
407 
304 
80 
5 
0 
7042 
2485 
271 
373 
0 
2189 
682 
260 
193 
0 
2258 
1099 
15 
13 
0 
Pasture Other 
931 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
464 
0 
0 
0 
0 
420 
0 
0 
0 
0 
47 
0 
0 
0 
0 
1619 
948 
205 
444 
22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
92 
91 
1 
0 
0 
8 
3 
3 
2 
0 
701 
1150 
100 
140 
11 
818 
1104 
101 
302 
11 
rotal 
29861 
15467 
2822 
4477 
48 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
447 
338 
0 
109 
0 
2604 
1979 
198 
408 
1 
11978 
5654 
1067 
874 
6 
6874 
3127 
949 
1299 
25 
7958 
4369 
608 
1787 
16 
~/Including other hay and cropland pasture. 
~/summer fallow lands and orchards and vineyards. 
Table 62. 
Zone and 
soil class 
United States 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
North Atlantic 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Atlantic 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
North Central 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
south Central 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Great Plains 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
North West 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South West 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
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Irrigated acreages in major zones with 5 ton 
maximum soil loss and triple 69-71 exports in 
2000 (Model F) 
Row 
7702 
6181 
568 
929 
214 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
20 
0 
0 
0 
1035 
873 
148 
11 q 
0 
3781 
320 1 
313 
261 
6 
1356 
882 
132 
329 
1 3 
1510 
120 5 
75 
22 5 
5 
Close 
gr::>wn 
All 
hay.!!/ Pasture Other£/ rotal 
( 000 acres) 
9480 12872 
14500 4507 
1801 964 
3177 1011 
2 3 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 435 
0 126 
0 0 
0 109 
0 0 
1037 447 
671 343 
70 81 
295 5 
1 0 
1933 6830 
857 1991 
603 537 
473 388 
0 1 
2945 2819 
1117 681 
665 317 
1162 496 
1 0 
3565 2341 
1855 1166 
463 29 
1247 13 
0 2 
1300 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
470 
0 
0 
0 
0 
781 
0 
0 
0 
0 
49 
0 
0 
0 
0 
1619 
948 
205 
444 
22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
92 
91 
1 
0 
0 
8 
3 
3 
2 
0 
701 
450 
100 
140 
11 
g18 
404 
101 
302 
11 
32973 
16136 
3538 
5561 
51 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
455 
346 
0 
109 
0 
2611 
1978 
200 
414 
1 
13022 
6052 
1456 
1124 
7 
8602 
3130 
1214 
2127 
25 
8283 
4630 
668 
1787 
18 
.!!/Including other hay and cropland pasture. 
£/summer fallow lands and orchards and vineyards. 
··----------·-------
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Dryland row crops concentrate on less erosive lands and 
into regions which have the comparative advantage in their 
production. The acreage of row crops in the North and South 
West zones declines as the eiport levels increase but the 
total cultivated lands are not decreased as these regions 
have a substantial increase in the acreage of the close-gro~n 
crops, Tables 30, 63 and 64. In the South West, even with 
the decline in total row crop acreage, there is an increase 
in acreage of row crops on class I and II lands as exports 
increase. The acreage of close-grown crops increases in all 
regions as exports increase. In many zones the largest pro-
portion of the increase is on the IIIE and IVE and other III 
and IV land groups. This is consistent with the erosive 
characteristics of the close-grovn crops and the erosion po-
tential of the lands. 
!l:~~~-.I!elsl2 
Increased exports and expanded production levels affect 
yields, since different land classes and regions shift be-
tween dryland and irrigated patterns. Average yields of most 
crops decline as exports increase. With doubled exports, 
yield increases are experienced by barley as regional shifts 
put this crop on higher yielding class IIIE and IVE lands, 
which in turn offset the decline in irrigated yield, Tables 
38 and 65. Corn silage also increases in yield as it is 
Table 63. 
Zone and 
soil class 
United States 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
North Atlantic 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
South Atlantic 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
North Central 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Central 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Great Plains 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
North West 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
south West 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
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Dryland acreages in aajor zones with 5 ton 
maximum soil loss and double 69-71 exports in 
2000 U.lodel E) 
R:>w 
152212 
110722 
20351 
20922 
217 
5010 
3824 
265 
906 
15 
13447 
9655 
976 
2732 
84 
94839 
7 318 4 
1102 6 
10603 
26 
26359 
14952 
6468 
4916 
23 
894 2 
8146 
697 
72 
27 
404 
146 
37 
207 
14 
3211 
815 
88 2 
1486 
28 
Close 
grown 
All8 / 
hay- Pasture 
(000 acres) 
76537 74800 312605 
39822 3,1198 0 
26510 17121 0 
9905 8046 0 
300 231 0 
3146 2299 6457 
2130 577 0 
959 172 0 
54 109 0 
3 0 0 
1411 
907 
309 
192 
3 
20828 
15593 
3991 
1226 
18 
20614 
8860 
6980 
IJ710 
64 
17795 
8909 
6111 
2718 
57 
6796 
1155 
4657 
968 
16 
5947 
2268 
3503 
37 
139 
3386 
17 34 
389 
29 
0 
21267 
9546 
4980 
833 
0 
26421 
10646 
6880 
5801 
31 
16239 
7281 
2870 
325 
0 
3231 
1055 
515 
844 
23 
1957 
359 
1315 
105 
177 
26674 
0 
0 
0 
0 
33279 
0 
0 
0 
0 
107825 
0 
0 
0 
0 
43016 
0 
0 
0 
0 
27013 
0 
0 
0 
0 
68341 
0 
0 
0 
0 
Othe~/ Total 
6578 
1114 
2023 
2600 
241 
295 
137 
81 
45 
32 
1605 
229 
70 
1166 
140 
215 
70 
54 
70 
21 
782 
206 
221 
331 
24 
3407 
10 20 
1429 
958 
0 
219 
37 
145 
23 
14 
55 
15 
23 
7 
10 
622732 
183456 
66005 
41473 
989 
17207 
6668 
1477 
1114 
50 
46523 
12525 
1744 
4119 
227 
170428 
98393 
20051 
12732 
65 
182001 
34664 
20549 
15758 
142 
89399 
25356 
11107 
4073 
84 
37663 
2393 
5354 
2042 
67 
79511 
3457 
5723 
1535 
354 
~/Including other hay and cropland pasture. 
~/summer fallow lands and orchards and vineyacds. 
Table 64. 
Zone and 
soil class 
United States 
I, II 
IIIE,IVE 
Ot he~ III, IV 
V-VIII 
North Atlantic 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
South Atlantic 
I, II 
IIIE,IVE 
Othe~ III,IV 
V-VIII 
North Central 
I,II 
IIIE,IVE 
Other III,IV 
V- VIII 
South Central 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
Great Plains 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
North West 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
South West 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
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D~yland acreages in majo~ zones with 5 ton 
maximum soil loss and triple 69-71 exports in 
2000 (Model F) 
R::>W 
174!195 
117651 
29079 
27363 
40 2 
704 3 
4589 
611 
1828 
15 
16238 
10 64 1 
1521 
399 2 
84 
104479 
T1201 
15040 
12048 
18 4 
3225 8 
1632 2 
7937 
7949 
50 
1148 3 
8026 
3051 
379 
27 
335 
77 
37 
207 
1 4 
2659 
789 
88 2 
960 
28 
Close 
grown 
All 8 ; b/ 
hay- Pasture ~ther- rota! 
{000 acres) 
91746 76233 317889 
41448 23743 0 
32865 22039 0 
17071 10123 0 
362 726 0 
3342 3779 6416 
1635 438 0 
1397 634 0 
307 108 0 
3 0 0 
1739 4082 28740 
1070 1219 0 
421 1168 0 
245 322 0 
3 0 0 
25995 17423 28795 
16319 5590 0 
5636 4656 0 
3936 923 0 
104 346 0 
21799 26933 107087 
8529 9622 0 
7673 7932 0 
5490 6156 0 
107 59 0 
24142 17932 44001 
10409 5619 0 
9474 5691 0 
4195 832 0 
64 27 0 
7505 3679 29398 
1275 1044 0 
4708 643 0 
1506 1156 0 
16 42 0 
7224 2405 73452 
2211 211 0 
3556 1315 0 
1392 626 0 
65 252 0 
8697 
H53 
2769 
3734 
241 
295 
137 
81 
45 
32 
1505 
2 29 
70 
1166 
140 
215 
10 
54 
70 
21 
15'75 
2 51 
518 
782 
24 
4779 
1214 
1924 
1641 
0 
173 
37 
99 
23 
14 
55 
15 
23 
7 
10 
669060 
184795 
86752 
58291 
1731 
20875 
6799 
27 23 
2288 
50 
52404 
13159 
3180 
5725 
227 
176907 
99186 
25386 
16977 
655 
189652 
34724 
24060 
20377 
240 
102337 
25268 
20140 
7047 
118 
41090 
2433 
5487 
2892 
86 
85795 
3226 
5776 
2985 
355 
·--------------------------------------- ---------------------~/Including other hay and cropland pasture. 
Qlsummer fallow lands and orcha~ds and vineyards. 
Table 65. 
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Acreage and average yield of crops by land 
class in the United States with 5 ton maximum 
soil loss and double 69-71 exports in 2000 
{Model E) 
Crop and 
land class 
________ -!££~ag~--------­
nryland Irrig. Total 
_______ xi~!a _______ _ 
Dryland Irrig. Total 
Barley 
I,II 
III E, IVE 
Other III,IV 
V-VIII 
Total 
Corn grain 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 
Corn silage 
I, II 
III E, IVE 
Other III,IV 
V-VIII 
Total 
cotton 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
Total 
Legume hay 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Nonlegume hay 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
( 000 
3'163 
4119 
1915 
0 
9497 
(000 
48037 
8881 
6628 
0 
63546 
(000 
2174 
184 
129 
0 
2487 
(000 
3652 
1134 
'115 
0 
5201 
(000 
19202 
11164 
6208 
36 
36610 
(000 
11995 
5957 
1838 
19'1 
19984 
acres) 
832 
223 
1427 
0 
2'182 
acres) 
1909 
154 
91 
0 
2155 
acres) 
169 
41 
61 
0 
271 
acres) 
331 
1 1 
0 
0 
342 
acres) 
4625 
466 
562 
0 
5653 
acres) 
281 
160 
131 
0 
572 
'1295 
'1342 
3343 
0 
11979 
49946 
9036 
6719 
0 
65700 
2344 
225 
189 
0 
2757 
3983 
1145 
415 
0 
5543 
23827 
11630 
6770 
36 
'12263 
12276 
6117 
1968 
194 
20556 
(bu./3.cre) 
68.9 83.3 
63.3 56.5 
'17.5 61.5 
o.o o.o 
71.7 
63.0 
53.5 
o.o 
63.4 62.2 68.4 
(bu./acre) 
120.8 148.0 121.8 
109.3 89.8 109.0 
88.1 97.1 88.2 
o.o o.o o.o 
115.8 141.7 116.6 
(tons/acre) 
14.6 11.4 14.8 
12.6 12.9 12.6 
10.9 13.3 11.7 
o.o o.o o.o 
14.3 15.8 14.4 
(bales/acre) 
1.9 2.1 1.9 
1.7 1.2 1.7 
1.5 0.0 1.5 
o.o o.o 0.0 
1.8 2.0 1.8 
(tons/acre) 
3.8 7.3 '1.5 
3.1 4.1 3.2 
3.7 4.8 3.8 
4.0 o.o 4.0 
3.6 6.8 4.0 
(tons/3.cre) 
2.4 2.9 2.4 
2.2 2.3 2.2 
2.1 1.4 2.1 
1.2 o.o 1.2 
2.3 2.4 2.3 
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Table 65. (Continued) 
----------------------------------~-------~------------------
crop and _________ !£rg~gg _________ _______ !!~lg ________ 
land class Dryland Irrig. Total Dryland Irrig. Total 
-------------------------------------------------------------
Oats (000 acres) (bu./acre) 
I, II 4427 313 4739 73.5 84.7 74.2 
IIIE,IVE 2245 31 2276 52.1 63.7 52.3 
Other III, IV 569 53 622 64.1 70.6 64.6 
V-VIII 46 0 46 14.4 0.0 14.4 
Total 7287 396 7683 65.8 81.2 66.6 
Sorghum grain (000 acres) (bu. /a::; re) 
I,II 6133 869 7001 70.5 128. 6 77.7 
IIIE,IVE 1638 48 1686 38.1 74.2 39.2 
Other III, IV 3838 69 3907 45.4 60.9 45.6 
V-VIII 0 1 1 o.o 37.0 37.0 
Total 11609 986 12596 57.6 121. 1 62.6 
Sorghum silage (000 acres) (tons/acre) 
I,II 1671 19 1690 11.7 26.0 11.8 
IIIE,IVE 349 0 349 10.3 0.0 10.3 
Other III, IV 107 7 114 9.0 13.0 9.2 
V-VIII 0 0 0 o.o o.o o.o 
Total 2127 26 2153 11.3 22.6 11.5 
Soybeans (000 acres) (bu./a:::re) 
I,II 43370 17 3 43543 43.8 54.7 43.9 
IIIE, IVE 7081 6 7087 38.7 35.4 38.7 
Other III, IV 7560 2 7563 37.2 41. 1 37.2 
V-VIII 0 0 0 o.o 15.9 15.9 
Total 58011 182 58193 42.3 53.9 42.4 
Sugar beets ( 000 acres) (tons/acre) 
I,II 1072 293 1365 17.9 23.6 19.1 
IIIE, IVE 0 36 36 o.o 19.3 19.3 
Other III,IV 115 83 198 21.0 20.6 20.8 
V-VIII 0 0 0 o.o o.o 0.0 
Total 1187 412 1599 18.2 22.6 19.3 
Wheat {000 acres) (bu./acre) 
I,II 30086 2661 32747 37.7 63. 7 39.8 
IIIE,IVE 19353 1137 20490 32.8 45.6 33.5 
Other III,IV 6338 278 6616 38.1 52.4 38.7 
V-V III 149 0 149 13.4 o.o 13.4 
Total 55926 4076 60003 36.0 57.9 37.5 
Other hay (000 acres) (tons/acre) 
Total 18205 6117 24321 1.7 3.6 2.2 
Pasture (000 acres) (tons/acre) 
Total 312605 9 31 313537 0.6 2.8 0.6 
-------------------------------------------------------------
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shifted to class I and II lands. The yield increase for 
silage also occurs as total acreage declines from 5.5 million 
acres under average exports to 2.8 million acres under 
doubled exports. Remaining silage production is located on 
the lands where it is the most productive. Sorghum yields 
increase as more of it is produced on class I and II lands 
for both dryland and irrigated production. Yields do not 
continue to increase as exports move up from iouble to triple 
the 1969-71 level, Tables 65 and 66. 
~2iL!22..2_ley§!2. 
Increased exports reiuire a greater level of output 
available only from greater inputs, especially land. In-
creased use of land resalts in a higher soil loss level. 
Under a 5 ton soil loss and average export alternative, na-
tional soil loss is 726 million tons, Table 14. This in-
creases to 843 million tons under doubled exports, rable 67, 
and to 974 million tons under tripled exports, rable 68. 
Thus, doubling exports increases soil loss by only 16 perce~t 
and tripling exports increases soil loss an additional 16 
percent. This compares with a 14 percent increase in 
cultivated acreage as exports initially double and then an-
other 14 percent increase as exports triple. 
The regional total soil losses follow closely the re-
gional increases in acreage, except for the North West zone 
where a decline of 1 million tons of soil loss occurs as 
Table 66. 
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Acreage and average yield of crops by land 
class in the United states with 5 ton maximum 
soil loss and triple 69-71 exports in 2000 
(Model F) 
crop and 
land class 
_________ A£t~~~g_________ _ ______ !i~!g _______ _ 
Barley 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Corn grain 
I ,II 
IIIE,IVE 
Other III, IV 
V-VIII 
Total 
Corn silage 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Cotton 
I,II 
III E, IVE 
Other III,IV 
V- VII I 
Total 
Legume hay 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
Total 
Nonlegume hay 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Total 
Dryland Irrig. Total Dryland Irrig. rotal 
(000 
2522 
4321 
2246 
15 
9104 
(000 
50748 
12319 
9256 
94 
72417 
(000 
862 
152 
127 
0 
1141 
(000 
3720 
1103 
684 
0 
5507 
(000 
15557 
14954 
7771 
68 
38350 
(00 0 
8185 
7084 
2353 
658 
18279 
acres) 
785 
325 
14 39 
0 
2549 
acres) 
2391 
141 
81 
0 
2613 
acres) 
72 
30 
48 
0 
149 
acres) 
310 
12 
0 
0 
322 
acres) 
4150 
688 
894 
3 
5735 
acres) 
358 
276 
116 
0 
750 
3307 
4646 
3685 
15 
116 53 
53139 
12460 
9337 
94 
75030 
934 
182 
174 
0 
1290 
4030 
1115 
684 
0 
5829 
19707 
15642 
8665 
71 
44085 
8542 
7359 
2469 
658 
19029 
( bu./acreJ 
64.8 82.6 69.0 
58.9 53.3 58.5 
52.9 61.8 56.4 
31.9 o.o 31.9 
59.0 67.1 60.8 
(bu. /acre) 
120.2 152.8 121.7 
102.4 95.3 102.3 
82.6 90.7 82.7 
51.9 0.0 51.9 
112.3 147.8 113.5 
(tons/acre) 
16.0 15.6 16.1 
12.9 15.7 13.4 
9.0 
o.o 
14.8 
12.8 
o.o 
15. 2 
10.1 
0.0 
14.9 
(bales/acr-e) 
1.9 2.0 1.9 
1.6 1.1 1.6 
1.1 o.o 1.1 
o.o o.o o.o 
1.7 2.0 1.7 
(tons/acre) 
3.9 7.3 4.6 
3.1 4.2 3.1 
3.6 4.4 3.6 
3.8 3.6 3.8 
3.5 6.5 3.9 
(tons/acre) 
2.4 2.9 2.4 
2.0 2.4 2.0 
1.9 1.9 1.9 
1.4 o.o 1.4 
2.1 2.5 2.1 
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Table 66. (Continued) 
-------------------------------------------------------------
Cr-op and _________ lf~~~g~--------- _______ !i~!i ________ 
land class Dry land Irr-ig. Total Dryland Ircig. Total 
-------------------------------------------------------------
Oats ( 000 acres) (bu./:I::;re) 
I,II 3992 313 4306 74.7 84.8 75.5 
IIIE,IVE 2975 33 3008 54.5 62.9 54.6 
Other III,IV 1145 15 1161 55.2 47.7 55. 1 
V-VIII 136 0 136 26.4 0.0 26.4 
Total 8249 362 8611 63.9 81.2 64.6 
Sorghum gcain (000 acces) (bu. /acre) 
I,II 7029 895 7925 72.0 1 21. 1 77.5 
IIIE,IVE 2741 44 2785 41.0 71. 5 41. 5 
Other III, IV 3868 73 3941 4 7. 2 61. 3 47.5 
V-VIII 47 1 48 33.9 37.0 33.9 
Total 13685 1013 14699 58.7 114. 5 62.5 
Sor-ghum silage (000 acres) (tons/acre) 
I, II 1421 10 1432 10.8 26. 0 1 0. 9 
IIIE,IVE 76 0 76 9.5 0.0 9.6 
Other- III,IV 54 7 61 13.2 13.0 13.2 
V-VIII 0 0 0 0.0 0.0 o.o 
Total 1551 17 1568 10.8 20.8 11.0 
Soybeans (000 acces) (bu. /acre) 
I, II 48142 458 48600 43.9 56.5 44.0 
IIIE,IVE 11605 6 11610 38.1 35.4 3 8.1 
Other III, IV 11130 2 11132 36.4 41. 1 36.4 
V-VIII 44 0 45 14.6 15.9 14.6 
Total 70920 466 71387 41.7 56.2 41.8 
Sugar- beets (000 acres) (tons/acre) 
I,II 1115 293 1407 17.5 23.3 18.8 
III E, IVE 0 52 52 o.o 19.6 19.6 
Other III, IV 115 54 169 21.0 18.4 20.2 
V-VIII 0 0 0 o.o 0.0 0.0 
Total 1230 399 1628 17.9 22.2 1 9. 0 
Wheat (000 acres) (bu./:I::;re) 
I ,II 33086 3113 36199 38.3 62.5 40.4 
IIIE, IVE 24776 1423 26198 3 2. 1 45.8 3 2. 8 
Other III,IV 12596 1118 13714 32.11 51. 1 34.0 
V-VIII 105 0 105 19.8 32.0 19.8 
Total 70563 5654 76216 35.0 56.1 36.5 
Other hay (000 acres) (tons/acre) 
Total 19602 6387 25990 1.7 3.6 2.2 
Pasture (000 acres) ( t:>n s/acre) 
Total 317889 1301 319190 0.6 2. 8 0.6 
-------------------------------------------------------------
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Table 67. Total soil erosion on cultivated lands in major 
zones with a 5 ton soil loss restriction and 
double 1969-71 average level exports in 20oo!1 
Zone 
United States 
North Atlantic 
South Atlantic 
North Central 
South Central 
Great Plains 
North West 
South West 
I, II 
517 
21 
36 
262 
115 
60 
6 
16 
Land Class 
other 
IIIE-IVE III-IV V-VIII 
(million tons) 
214 111 1 
6 3 0 
5 8 0 
71 32 0 
80 59 0 
23 3 0 
11 2 0 
19 5 0 
~~or all cultivated crops including rotation hay. 
Total 
843 
30 
49 
365 
254 
86 
19 
40 
Table 68. Total soil erosion on cultivated lands in major 
zones with a 5 ton soil loss restriction and 
triple 1969-71 average level exports in 20oo!1 
Land Class 
Zone other 
I,II IIIE-IVE III-IV V-VIII Total 
(million tons) 
United States 527 287 156 4 974 
North Atlantic 23 11 8 0 42 
South Atlantic 36 10 13 0 59 
North Central 269 97 36 2 404 
South Central 114 94 78 1 287 
Great Plains 63 46 10 0 119 
North West 6 10 4 0 20 
South West 16 18 8 1 43 
a/ 
- For all cultivated crops including rotation hay. 
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exports levels are doubled, Tables 14 and 67. The decline in 
the North West occurs while cultivated acreage increases by 
754 thousand acres, Table 60. However, the shift from row 
crop to close-grown crops reduces the per acre soil loss and 
the total loss in the zone. The Great Plains zone has the 
largest percent increase in soil loss, 62 per:: en t, as exports 
are doubled, compared to only a 31 percent in=rease in acre-
age, Table 60. W~en exports increase to three times the av-
erage level, soil loss increases only 38 percent in the Great 
Plains, Table 68, compared to a 28 percent in=rease in acre-
age, Table 60. 
The increase in total soil loss from land classes IIIE 
and IVE in most regions is more than proportionate to the in-
crease in acreage on the land class. Land classes I and II 
do not have proportionate increases in total soil loss. 
These shifts are consistent with the relative erodibility of 
soils in the various regions. The IIIE and IVE lands are in-
corporated into production under higher exports in the Sout~ 
Central, North Central and South Atlantic regions where ero-
sion is already high. The class I and II lands are incorpo-
rated in the Great Plains and the North and South West zones 
where erosion is lover. 
on a per acre basis at the national lewel, soil loss in-
creases by 0.1 tons per acre as exports double. By land 
class, increase in per acre soil loss occur only on the 
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class IIIE and IVE (0.1 tons) and class V-VIII (0.3 tons), 
Tables 20 and 69. This is consistent vita tha erodibility 
characteristics of these land classes and the utilization of 
more of the regionally less productive lands. The declines 
in per acre soil loss in the North West and tme small in-
crease in the south Atlantic and North Central, where large 
acreages exist, influence the national weighted aYerage suctt 
that it reflects very little change in per acre soil loss 
(0.1 tons per acre). 
Tripled exports result in no further increase in average 
national per acre soil loss, even though a large increase, 
1.2 tons per acre, occurs on the V-VIII land class, Tables 69 
and 70. The reason for the small change is tme relatiYely 
small acreage of this land group and the small changes in tme 
other land classes. Regionally, tripled exports reduce aver-
age per acre soil loss in the South Atlantic below the 
doubled export level, Table 71. 
The 5 ton soil loss situation in combination with export 
increases has a major effect on the farming practices 
utilized for the increased production. Doubling exports in-
creases cultivated acreage by 14 percent bat =onventional 
tillage methods increase by only 10 percent, Tables 27 and 
72. Within the conventional tillage practices, straight-row 
farming increases by only 3 percent while contouring in-
creases 16 percent and strip cropping-terracing increases by 
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Table 69. Per acre soil erosion on cultivated lands in major 
zones with 5 ton soil loss restriction and double 
1969-71 average level exports in 2000 
Land class 
Zone other 
I,II IIIE-IVE III-IV V-VIII Average 
(tons per acre) 
United States 2.7 3.2 2.8 1.8 2.9 
North Atlantic 3.5 4.6 3.3 0 3.9 
South Atlantic 3.4 3.6 3.5 0 3.4 
North Central 2.8 3.6 2.7 0 2.9 
South Central 3.2 4.0 4.0 1.1 3.6 
Great Plains 2.0 2.0 0.5 0 1.8 
North West 1.5 1.9 0.9 2.1 1.6 
South West 2.5 3.2 1.9 1.9 2.6 
Table 70. Per acre soil erosion on cultivated lands in major 
zones with 5 ton soil loss restriction and triple 
1969-71 average level exports in 2000 
Land class 
Zone other 
I, II IIIE-IVE III-IV V-VIII Average 
(tons per acre) 
United States 2.8 3.2 2.7 3.0 2.9 
North Atlantic 3.8 4.3 3.7 0 3.9 
South Atlantic 3.1 3.5 3.5 0 3.2 
North Central 2.8 3.8 2.2 3.8 2.9 
South Central 3.2 4.1 1.9 2.8 3.6 
Great Plains 2.1 4.5 1.2 3.1 2.0 
North West 1.4 1.8 0.9 3.3 1.4 
South West 2.5 3.0 1.8 1.7 2.5 
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29 percent. In absolute values, conventional tillage in-
creases by 20.6 million acres while the reducad tillage al-
ternatives increase by 15.5 aillion acres. 
Table 71. Average acre soil loss under alternative soil conservation 
practices with a 5 ton soil loss restriction and alternative 
export levels in 2000 
Conservation practice 
Conventional tillage 
straight row 
contouring 
strip crop-terracing 
Reduced tillage 
straight row 
contouring 
strip crop-terracing 
69-71 
2.5 
3.1 
3.3 
2.7 
3.7 
2.9 
Export alternative 
ave 2 * ave 3 * ave 
(tons per acre) 
2.5 2.4 
3.1 3.1 
. 3.3 3.1 
2.9 3.0 
3.7 3.8 
3.0 3.3 
Tripled exports increase cultivated acreage by a further 
14 percent and conventional tillage by an additional 11 per-
cent, Table 73. Within the conventional till~ge practices 
straight row faraing does not increase, contouring increases 
12 percent and strip cr~pping-terracing increases by 42 per-
cent. Under reduced tillage practices straig~t rov acreages 
increase 17 percent, contouring 20 percent and strip 
cropping-terracing by 42 percent. 
Regional and land class land-use patterns do not neces-
sarily follow the national pattern. Under the doubling of 
grain exports, the increase in straight rov farming occurs 
mostly on the other III and IV land class, while most of the 
Table 72. 
Zone and 
soil class 
United states 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
North Atlantic 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Atlantic 
I,II 
IIIE,IVE 
Other III, IV 
V-VIII 
North Central 
I, II 
III~ 1 IVE 
Other III, IV 
V-VIII 
South Central 
I, II 
IIIE,IVE 
Other III, IV 
V-VIII 
Great Plains 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Nortll West 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Soutll West 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
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Acrea~es under conservation practices in major 
zones with 5 ton aaxiaum soil loss and double 
69-71 exports in 2000 (ftodel E )~/ 
__ £Qll!~1i2!!1_1i!!!g!_ ____ R!~Y£!i_1il!![! __ _ 
Str. Contour s. crop Str. Contour s. crop 
row only terrace row only terrace 
133449 
85140 
29092 
18791 
427 
261q 
2011 
2"6 
358 
0 
2536 
2293 
113 
130 
0 
48297 
37237 
6156 
q9o3 
0 
26865 
17450 
5386 
3943 
85 
2890q 
159q7 
8575 
q393 
0 
9366 
q258 
2766 
2317 
26 
14868 
5945 
5851 
2756 
316 
43103 
28753 
11441 
2909 
0 
1751 
1463 
66 
222 
0 
41136 
3593 
103 
740 
0 
18808 
16175 
1340 
1293 
0 
12782 
5127 
7003 
653 
0 
2709 
1910 
798 
0 
0 
1925 
0 
1925 
0 
0 
693 
1186 
207 
0 
0 
(000 acres) 
1153011 
237117 
10013 
115114 
0 
3098 
21"11 
652 
302 
0 
34711 
1958 
847 
669 
0 
3789 
2271 
609 
910 
0 
21506 
7439 
46611 
91103 
0 
12371 
9935 
2176 
260 
0 
1066 
0 
1066 
0 
0 
0 
0 
0 
0 
0 
28354 
20151 
57110 
2463 
0 
154 
1q1 
0 
111 
0 
1520 
1120 
320 
80 
0 
23822 
16548 
4928 
23117 
0 
1191 
690 
489 
12 
0 
1667 
1653 
q 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
25743 
20169 
4215 
1359 
0 
252 
252 
0 
0 
0 
676 
200 
0 
II 76 
0 
17332 
15211 
2121 
0 
0 
672q 
3747 
209q 
883 
0 
758 
758 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
19094 
10928 
55q5 
2621 
0 
318 
0 
318 
0 
0 
1759 
1719 
39 
0 
0 
15677 
852q 
4559 
25911 
0 
13111 
68q 
629 
28 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-----7-------------------------------------------------------~ For all cultivated crops including rotation hay. 
Table 73. 
zone and 
soil class 
United States 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
North Atlantic 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Atlantic 
I,II 
IIIE, IVE 
Other III,IV 
V-VIII 
North Central 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
South Central 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
Great Plains 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
North West 
I, II 
IIIE,IVE 
Other III,IV 
V-VIII 
South West 
I,II 
IIIE,IVE 
Other III,IV 
V-VIII 
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Acrea~es ander conservation practices in major 
zones with 5 ton maximum soil loss ani triple 
69-71 exports in 2000 (ftodel F )~/ 
__ £Qll!gn1!2n~!-1!!!~g~- ____ R!~g£~1-tillaq~---
str. Contour s. crop Str. :ontour s. crop 
row only terrace row only terrace 
13329 8 
74528 
30350 
27902 
518 
2593 
1565 
421 
608 
0 
1142 
592 
251 
300 
0 
42764 
32460 
3167 
7137 
0 
25757 
15856 
4771 
4976 
153 
33060 
13755 
12 523 
6781 
1 
11594 
4301 
3254 
3994 
45 
16388 
6000 
5963 
4106 
318 
48190 
29400 
14322 
4403 
64 
2996 
1770 
319 
907 
0 
4548 
3371 
215 
961 
0 
21357 
17351 
2553 
1454 
0 
14444 
4989 
8499 
926 
30 
2254 
1461 
605 
155 
34 
1925 
0 
1925 
0 
0 
667 
459 
207 
0 
0 
(000 acres) 
64500 
29318 
18567 
16615 
0 
4256 
2453 
1466 
337 
0 
4301 
2283 
1201 
818 
0 
860'J 
3924 
1849 
2831 
0 
26708 
9183 
5695 
11831 
0 
19656 
11476 
7381 
799 
0 
975 
0 
975 
0 
0 
0 
0 
0 
0 
0 
33289 
22826 
7090 
3305 
68 
382 
216 
5 
161 
0 
3654 
1886 
1008 
759 
0 
24856 
17023 
5583 
2181 
68 
1489 
922 
490 
77 
0 
2910 
2780 
4 
126 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
30339 
23010 
552!J 
1783 
522 
139 
139 
0 
0 
0 
1532 
762 
0 
769 
0 
20~40 
171J90 
2332 
96 
522 
7659 
3565 
3191 
902 
0 
1069 
1054 
0 
16 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
27113 
11830 
1 16 98 
3584 
0 
376 
0 
318 
58 
0 
2911 
2631 
185 
95 
0 
20690 
8520 
9577 
2594 
0 
2648 
680 
1130 
838 
0 
488 
0 
488 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ______ [ ______________________________________________________ 
~For all cultivated crops including rotation hay. 
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increase in the acreage for the other land classes occurs i~ 
the contouring and strip cropping-terracing alternatives. 
The South Atlantic and south Central zones have a reduction 
in conventional tillage-straight row farming as exports 
expand. The decrease is offset by an increase in reduced 
tillage and the conservation techniques, Tables 27, 72 a~d 73. 
The conventional tillage-straight row farming practices in-
crease in the Great Plains, North West and Soath West. Also, 
in these zones erosion is not as great a hazard and the in-
creased straight row farming occurs on all land classes. 
In these three zones with the tripling of exports, reduced tillage only 
amounts to 3.7 million acres, up from the 1.2 million acres under average 
exports. 
!~££~-Y~2~i!i~a2 
Nationally, total per acre resource input for rov crops 
increases from $82.51 under the average level export alterna-
tive, Table 43, to $91.68 under double exports, Table 74, amd 
to $120.38 when exports are tripled, Table 75. Costs increase 
at an increasing rate as the marginal product of the variable 
inputs declines and the implied return to the more productive 
fixed inputs increases. Close-grown crops do not increase to 
a similar dollar level, but on a percentage basis the in-
crease in return for the close-grown crops is greater than 
f or 1: o w c;r- o p s ( 1 6 • 5 p e r: c en t com pared to 11 • 1 p e r cent a s 
i-ts rloubl(, a:1J 56.4 pt!r::ent c<.npilred to 45.9 percent wh?n 
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Table 74. Value of resource use in crop prod~ction by 
major zones in the United States for 5 ton 
maximum soil loss and double 69-71 exports in 
2000 (Model E) 
Zone-item Land Water Labor Mach Pest Other Total 
United state~ 
Row crops~/ 29.64 0.20 
Close crops~/15.96 0.20 
North Atlantic 
Row crops 14.18 0.00 
Close crops 13.40 0.00 
South Atlantic 
Row crops 13.41 0.00 
Close crops 18.44 0.00 
North central 
Row crops 35.93 0.00 
Close crops 18.28 0.00 
South Central 
Row crops 
Close crops 
Great Plains 
Row crops 
Close crops 
North West 
30.43 
23.96 
12.25 
6.20 
0.05 
0.03 
0.86 
0.07 
Row crops 9.56 1.37 
Close crops 16.14 0.18 
South West 
Row crops 13.30 3.69 
Close crops 12.71 1.45 
($ per acre)£/ 
6.10 38.52 5.71 11.48 91.68 
3.50 25.61 0.89 2.92 49.11 
9.19 62.11 3.20 17.59 106.28 
6.41 42.82 1.96 14.88 79.48 
8.34 42.15 6.86 19.18 89.95 
4.45 36.32 1.95 15.33 76.51 
5.22 36.34 6.37 12.25 96.13 
3.32 24.97 1.88 4.11 52.58 
7.35 41.75 
3.35 26.40 
5.87 40.72 
3.21 26.03 
5.21 
0.51 
3.68 
0.35 
6.51 
1. 06 
9.69 
0.28 
91.32 
55.34 
72.09 
36. 16 
9.29 18.24 0.42 13.53 52.44 
4.17 24.86 1.03 4.83 51.22 
6.19 30.69 2.07 3.03 59.00 
3.05 17.56 0.06 2.33 37.18 
~/Includes corn,cotton,sorghum,soybeans and sugar beets. 
~/Includes barley,oats and wheat • 
.£.1 Values are in terms of 1972 dollars. 
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Table 75. Value of resource use in crop production by 
major zones in the United States for 5 ton 
maximum soil loss and triple 69~71 exports in 
2000 ( Kodel F) 
Zone-item Land Water Labor Kach Pest 3ther Total 
United States 
Row crops !!1 56.38 0.27 
Close crops~/ 31. 51 0. 22 
North Atlantic 
Row crops 31.88 0.00 
Close crops 34.42 0.00 
South Atlantic 
Row crops 
Close crops 
North central 
36.15 
39.59 
o.oo 
o.oo 
Row crops 67.21 0.00 
Close crops 37.88 0.00 
South Central 
Row crops 53.83 0.04 
Close crops 41.03 0.03 
Great Plains 
Row crops 34.80 1.52 
Close crops 18.29 0.07 
North West 
Row crops 14.94 1.46 
Close crops 34.69 0.26 
South West 
Row crops 21.21 5.51 
Close crops 22.70 1.57 
($ per acre ).£1 
6.03 39.94 6.13 11.60 120.38 
3.53 26.03 0.95 3.62 65.89 
10.09 68.60 3.74 19.10 133.43 
7.08 46.63 1.88 15.14 105.18 
8.09 44.03 
4.66 36.97 
8.35 
4.18 
19.32 115.95 
15.68 102.11 
5.15 36.61 6.62 12.11 127.70 
3.34 25.22 1.92 ~.53 72.92 
7.13 44.31 5.33 6.63 117.30 
3.35 26.69 0.52 1.61 73.26 
5.53 41.47 5.06 9.31 97.72 
3.19 26.43 0.32 2.12 50.45 
7.53 15.37 0.25 13.07 52.65 
4.39 25.61 1.05 5.57 71.60 
5.78 28.75 2.12 
3.08 17.86 0.08 
3.72 67.11 
1.78 47.08 
!!hncludes corn.cotton,sorghum,soybeans and sugar beets. 
~~ncludes barley,oats and wheat • 
.£/values are in terms of 1972 dollars. 
171 
exports increase from average to triple). 
Most of the increase in return per acre results from the 
increased return to land. For row crops and as exports 
double, the $9.17 increase in per acre resource use results 
from an $8.50 increase in the return to land, leaving only 
$0.67 as the increase in return to other factors. Water re-
ceives a smaller return per acre mostly as a result of the 
large increase in total cultivated acres over which a small 
increase in water is allocated. In the zones where water is 
used, the per acre return to water reflects its greater use 
and value as its return increases. 
Regional increases in return per acre for row crops var-
ies as exports are increased. When exports double the re-
gional percent increase in return per acre varies from -4.6 
percent in the Great Plains to 13.7 percent in the North Cen-
tral zone and 1l.D percent in the south Atlantic. The North 
central and south Atlantic have almost equal percentage in-
creases in total returns; however, in the North central 
$10.99 of the $11.58 increased total return goes to land 
while in the south Atlantic only $4.65 of the $10.35 total 
increase goes to land. The remainder of the South Atlantic's 
increased return goes to the machinery, pesti=ide and other 
(fertilizer) categories. As exports of the feed grains, 
wheats and oilmeals increase,the Great Plains brings enough 
land into production to utilize. the livestock wastes such 
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that the return to the other category increases and for 
close-grown crops is no longer negative as occurred with the 
average export alternative. This indicates a surplus demand 
situation for nitrogen ~astes as opposed to the surplus sup-
ply situation which existed under the average exports and 5 
ton soil loss restriction. 
2hi!~2_!g_~et~£ll2-~!Qng_£g§QY££g§ 
The total return to each of the resources utilized in 
the agricultural sector increases as exports are expanded, 
except water when exports are doubled, Table 76. The reduced 
value of water results as land class and regional patterns 
shift the high-valued ro~ crops out of the irrigated areas 
and substitute the lover-valued, close-grown crops. Also as 
land use increases the regional competitive advantage shifts 
to place more of the return on the productive land and if wa-
ter is not the scarce resource, the returns are bid away from 
the water sector, causing a lower per unit value and a lower 
total return to the water sector. As exports triple, the de-
mand for water increases further as essentially all irrigated 
land is utilized. Water then becomes a scarce resource in 
some regions. Returns to all agriculturally related sectors 
increase by 31 percent in total as exports double and 100 
percent as they triple. 
Land is the relatively larger gainer in return as 
exports are increased. The return to land increases by 66 
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pe~cent as exports double and by 270 percent as expo~ts 
triple. The pesticide secto~ ~eceives the next la~gest ~ela­
tive gain with a 22 percent increase vith doubled expo~ts and 
a 51 percent increase if exports triple. Total returns fo~ 
the labor secto~ increases by only 13 percent as exports 
double and by only 30 pe~cent if expo~ts t~iple. Returns to 
all agriculturally related sectors increase by 31 percent in 
total as exports double and 100 pe~cent as they t~iple. Sim-
ilarity in retu~ns to labor, machinery, pesticide and "othe~" 
sectors results from their fixed per acre value. Inc~eases 
in their share ~f the ~eturn results f~om inc~eased acreages 
and shifts among regions, land classes, and conservation 
tillage methods. Land and water price, and returns are de-
te~minei internally by the solution procedu~e. Hence, thei~ 
returns a~e directly affected by commodity prices under the 
different export levels. Thus, as expo~ts in=rease, the re-
turn to land and vate~ is affected proportionally by price 
changes as vell as by their respective levels of use. 
Regionally, increases in returns range froa 10 percent 
in the South west as exports double to 206 percent in the 
Great Plains as exports triple {Table 77). Tae large in-
crease in the Great Plains results from the increased acreage 
as well as the increased pe~ acre return from higher prices. 
Other zones, such as the North Central, Soath Central, and 
South West, have more modest increases since their acreage 
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Table 77. Total returns to the regional agricultural related 
sectors from the production of row crops and close-
grown crops with a 5 ton soil loss restriction and 
alternative export levels in 2000 
United States 
row crops 
close crops 
total 
North Atlantic 
row crops 
close crops 
total 
South Atlantic 
row crops 
close crops 
total 
North Central 
row crops 
close crops 
total 
South Central 
row crops 
close crops 
total 
Great Plains 
row crops 
close crops 
total 
North West 
row crops 
close crops 
total 
South West 
row crops 
close crops 
total 
Export alternative 
69-71 ave 2 * ave 3 * ave 
11220 
3094 
14314 
447 
176 
623 
801 
53 
854 
7161 
812 
7973 
1996 
955 
2951 
422 
494 
916 
110 
317 
427 
282 
288 
570 
(million dollars)~/ 
14605 
4145 
18750 
532 
250 
782 
1210 
108 
1318 
9117 
1095 
10212 
2508 
1196 
3704 
857 
699 
1556 
97 
457 
554 
284 
341 
625 
21933 
6670 
28603 
940 
352 
1292 
1883 
178 
2061 
13345 
1896 
15241 
3905 
1673 
5578 
1492 
1315 
2807 
89 
748 
837 
280 
508 
788 
a/ 
- Values are expressed in terms of 1972 dollars. 
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expansions are not large under increased exports. In abso-
lute terms the North Central zone has the largest increase in 
returns, from $7,573 million to $10,212 million as exports 
double and to $15,241 million as exports triple. 
Individual land classes all have increases except the v-
VIII class where the return per acre drops as more of it is 
used and the marginal ret~rn per acre is reduced, Taales 50, 
78 and 79. With the 5 ton soil loss restriction and average 
exports, the class V-VIII lands have a $6.72 per acre rent 
(attributed mostly to the $16.50 return in the South West). 
Doubling exports increases the return to all lands except the 
V-VIII class in the S:>uth West. In the South Central and 
North West zones, the return to the V-VIII lands increases 
and is above the return to these lands in the South West. 
The return declines in the South West as V-VIII lands are now 
used to produce relatively more close-grown crops and hays, 
Table 60. 
Q~_Q!_!i~~~!ng_nit~g~n 
Consumptive use of water for agriculture increases from 
48.6 million acre feet under average exports to 50.3 million 
acre feet under doubled exports and to 55.4 million acre feet 
under tripled exports, Tables 54, 80 and 81. The !issouri 
and Texas-Gulf basins have no significant change in water use 
under increased exports but all other basins io ~ave. The 
Lover colorado basin has a decline in consumptive use of va-
Table 78. 
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Shadow prices(marginal value products) of 
alternative land classes in aajor zones in 2000 
(Model E ) 
-------------------------------------------------------------
Zone 
Land classes 
-----------------other ______________ _ 
I,II IIIE,IVE III-IV Y-YIII Othar~/Totalk/ 
-------------------------------------------------------------
($ per acre).£/ 
United States 32.25 14.00 15.22 2.06 3.24 25.83 
North Atlantic 20.00 o.oo 5.39 o.oo 1.94 15.27 
South Atlantic 20.71 10.99 4.49 o.oo 4.40 17.39 
No-rth Central 38.39 19.02 18.17 o.oo 5.78 33.49 
South Central 38.38 18.80 18.94 4. "7 3.99 28.58 
Great Plains 12.70 4.76 1.80 0.00 2.48 9.63 
North West 31. 16 10.86 13.29 8.81 2.86 20.37 
South West 26.82 5.89 17.89 0.85 1.05 16.56 
-----i~~~~;-;~~-~~;-~~~~~;~-i~~~~:---------------------------
~~Excluding other hay and pasture lands • 
.£ Values are expressed in terms of 1972 dollars. 
Table 79. 
Zone 
Shadow prices(marginal value produ=ts) of 
alternative land classes in major zones in 2000 
(Model F ) 
Land classes 
-------------------------------------Other Oth~r~/ Total~./ I, II IIIE,IVE III-IV V-VIII 
-------------------------------------------------------------($ per acre).£/ 
United States 61.33 30.118 29.66 6.07 4.14 47.72 
North Atlantic 46.16 15.80 20.10 o.oo 2.:J6 33.99 
South Atlantic 51. 27 22. 11 26.16 0.00 4.12 fJ1.52 
North central 71.45 41.81 41.30 2. 61 7.14 62.26 
south Central 65.35 39.36 33.60 19.82 4.77 49.51 
Great Plains 34.10 14.01 9.49 o.oo 4.54 23.72 
North West 67.47 29.6fJ 22.99 1 9.18 4.28 39.00 
South West fJ4.95 17.07 17.87 3.34 1.60 27.57 
-------------------------------------------------------------~~ther hay and pasture lands. 
klxcluding other hay and pasture lands • 
.£ Values are exp_ressed in terms of 1972 dollars. 
Table 80. 
River basin 
Western basins 
11issouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
u. Colorado 
L. Colorado 
Great Basin 
Col. -N. Pacific 
Cal. -s. Pacific 
Western basins 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
u. Colorado 
L. Colorado 
Great Basin 
Col.-N. Pacific 
Cal.-s. Pacific 
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Withdrawals and consumptive use of water in 
the western river basins with 5 ton maximum 
soil loss and double 69-71 exports in 2000 
(11odel E ) 
________ grQj~£!~~-~~~~----------------
Total Kunicipal & 1965~/Agriculture industrial£/other£1 Total 
151733 
21668 
10541 
1838 2 
816 5 
4500 
7774 
5730 
33191 
41782 
75050 
11822 
6580 
8165 
fl632 
2220 
3862 
2524 
11785 
23fl60 
(000 acre feet per year) 
Withdrawals 
68207 
12958 
6061 
2231 
3989 
2554 
2707 
2136 
22986 
12585 
51323 
6172 
8395 
16890 
1222 
1079 
1457 
1 03fl 
8289 
6785 
Consumptive use 
50343 
10013 
4002 
1490 
1528 
2823 
2128 
1908 
17035 
9416 
21300 
1223 
1400 
7749 
557 
fl95 
678 
445 
7171 
1582 
7429 
2218 
0 
227 
0 
198 
2085 
1276 
1425 
0 
6613 
2218 
0 
227 
0 
144 
1851 
908 
1265 
0 
126959 
21348 
14456 
19348 
5211 
3831 
6249 
4446 
32700 
19370 
78256 
13454 
5402 
9466 
2085 
3462 
4657 
3261 
25471 
10998 
----~--------------------------------------------------------~/source: (3SA, Tables 7-3-4 and 7-3-5). 
£/Includes rural domestic, mmnicipal, self-supplied 
industrial, recreation, mining and thermal ele=tric power. 
£/Includes onsite uses and water exports out of the 
western basins. 
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Table 81. Withdrawals and consumptive use of water in 
tbe western river basins with 5 ton m~xiDum 
soil loss and triple 69-71 exports in 2000 
River basin 
Western basins 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
u. Colorado 
L. Colorado 
Great Basin 
Col.-N. Pacific 
cal. -s. Pacific 
Western basins 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
u. Colorado 
L. Colorado 
Great Basin 
Col. -N. Pacific 
Cal.-S. Pacific 
(Model F ) 
________ f£Qj~~t~A-~QQQ _______________ _ 
Total ftunicipal & 
196~/Agriculture industrial~/Othar£/ rotal 
15173 3 
21668 
10541 
18382 
816 5 
4500 
7774 
5730 
33191 
41782 
75050 
11822 
6580 
816 5 
4632 
2220 
386 2 
2524 
11785 
23460 
(000 acre feet per year) 
Withdraw~ls 
74390 
13313 
6413 
2246 
4506 
2883 
2827 
2308 
26518 
13376 
51323 
6172 
8395 
16 890 
1222 
1079 
1457 
1034 
8289 
6785 
Consumptive use 
55458 
10174 
4228 
1505 
1903 
3069 
2069 
2042 
20500 
9968 
21 300 
1223 
1400 
7749 
557 
495 
678 
445 
7171 
1582 
7429 
2218 
0 
227 
0 
198 
2065 
1276 
1425 
0 
6613 
2218 
0 
227 
0 
144 
185 '1 
908 
1265 
0 
133142 
21703 
14808 
19363 
5728 
4160 
6369 
4618 
36232 
20161 
83371 
13615 
5628 
9481 
2460 
3708 
4598 
3395 
28936 
11550 
!!./source: (35A~ Tables 7-3-4 and 7-3-5). 
£/rncludes rural domestic, municipal, self-supplied 
industrial, recreati~n, •ining and thermal electric power. 
£/Includes onsite uses and water exports out of the 
western basins. 
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ter for agriculture as more is transferred to the california-
South Pacific basin for use in high return alternatives. The 
remaining river basins increase consumptive use of water as 
their acreage of irrigated lands increase. 
Nitrogen use increases proportionate to the export 
levels, Table 82. Livestock production of nitrogen increases 
only slightly as rations, feeding period and regional produc-
tion patterns adjust to changed exports. Legmme-produced ni-
trogen increases in proportion to increased acreages, vith ~n 
adjustment for the reduced yields resulting as the greater 
demands require use of the less productive lands. The major 
source for the increased fertilizer demand is associated vith 
the commercial fertilizer sector. Its production increases 
from 6.5 billion pounds to 8.0 billion as exports double, 
then to 9.6 billion pounds of purchased fertilizer as exports 
triple. 
f~i£~-g~Q_£Qll§Y!~£_i~~~£~~-Q1-~!eQ~~=in£~~~~i~~-2~!i£i~2 
Farm level prices ~nder the greater export levels are 
indicated in Table 83. With a doubling of exports from the 
1969-71 average level, soybeans undergo the largest percent 
increase in price. The shift in prices follows the compara-
tive advantage in production. cotton is not affected greatly 
since its demand is not increased and the areas producing 
cotton have a definite advantage for it {i.e., land is not 
among most productive for substitute crops). Soybeans are 
----------
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Table 82. Nitrogen sources and use with a 5 ton sotl loss 
restriction and alternative levels of export In 
2000 
Nitrogen 
source 
Livestock wastes 
Legume crops 
Commercial purchase 
Total utilized 
Export alternative 
ave. 69-71 2 * ave 3 * ave 
8752 
8615 
6540 
23907 
(mi 11 ion pounds) 
8759 
9491 
7980 
26230 
8795 
9945 
9626 
28366 
Table 83. Indication of relative farm level prices for 
Commodity 
Corn 
Wheat 
Soybeans 
Cotton 
Hay 
Beef 
Pork 
M i 1 k 
some agricultural commodities with a 5 ton soil 
loss restriction and alternative levels of export 
in 2000 
~~port a1t~roatlv~ 
ave. 69-71 2 * ave 3 * ave 
(ave. 69~71 prices=100) 
100 105 126 
100 109 158 
100 139 219 
100 101 107 
100 109 132 
100 106 119 
100 106 122 
100 103 111 
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grown in competition with corn and in a more confined region. 
Hence, as markets become more advantageous for corn, 
soybeans must pay a greater cost to bid land from corn. Sia-
ilarly for wheat, expanded exports increase the demand for 
corn and soybeans grown on larger acreages in the North Cen-
tral and South Central zones. Wheat formerly grown in these 
regions then must relocate to the relatively less productive 
areas where it has higher per unit costs. 
Livestock prices increase in relation to their ability 
to adjust rations to lover priced feeds. Beef and pork 
prices increase by 6 percent as exports double but 22 percent 
and 19 percent, respectively, as exports triple. Pork is not 
able to substitute legume hays for the oilmeals in the manner 
of dairy, beef cows and beef feeding sectors as land use 
shifts to match higher grain exports {Table 84). 
Starting from a level of surplus capacity, as exports 
double farm level commodity prices increase by less than 10 
percent, except for soybeans. However, as exports triple, 
price increases become more commodity specific and reach a 19 
percent increase for soybeans. 
183 
Table 84. Commodity use in livestock production with a 5 ton 
soil loss restriction and alternative export levels 
in 2000. 
Commodity Unit Export alternative 
ave 69-71 2*ave 3*ave 
(000) 
Corn bu. 5691554 6071780 6302504 
Sorghum bu. 474077 522068 525620 
Barley bu. 461520 498455 397970 
Oats bu. 396728 417232 446362 
505341 199564 82863 
699218 666981 636069 
Wheat I bu. 
High protein!:. cwt. 
Legume hay tons 163295 172265 175074 
Other hay tons 104197 102269 99792 
107147 64731 36521 
212670 215912 222273 
Silage b/ tons 
Pasture- tons 
a/ 
- Includes soybean and cottonseed oilmeals and high protein 
grain supplements all expressed in soybean oilmeal equivalents. 
b/ 
- Expressed in non-legume hay equivalents. 
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SU!ftARY AND IftPLICATIONS 
This study, made under a grant from the National Science 
Foundation's BANN program (Research Applied to National 
Needs), emphasizes the development and application of a 223 
region model of soil loss control as a means of environmental 
improvement. A soil loss restraint and a nitrogen balance 
equation were developed and implemented in each of the 223 
producing regions. The model also incorporates 51 water sup-
ply regions, 30 market regions, a transportation submodel, 
crops and livestock submodels and includes all of the agri-
cultural land and irrigation water of the nation. 
The model analyzes changes required in land and water 
uses of individual regions, agricultural commodity produc-
tion, interregional production shifts, region~l and national 
soil loss, required conservation practices by regions, com-
modity prices, resource returns and other relevant parameters 
as (a) soil loss is first unrestrained and then restrained to 
10, 5 and 3 tons per acre, and (b) as commodity exports are 
at the 1969-71 levels, then doubled and tripled from this 
level. 
The major objective of the study was to ievelop and test 
a model capable of (a) simulating changes in the level of 
185 
allowable sheet and rill erosion from cultivated lands, and 
(b) determining the national and regional imp~cts of such re-
strictions. Within the 223 producing areas, the dryland and 
irrigated cultivated lands vere.each allocated to 9 land 
groups based on their erodability characteristics. Activi-
ties were defined vitbiu each producing area ~nd land group 
to simulate rotations producing alternative crop combin~tions 
under alternative conservation and tillage pr~ctices. Each 
rotation had a specific level of associated gross field soil 
loss, as determined froa the Universal Soil Loss Equation. 
The results indicate that agriculture can contribute to 
a reduced gross field loss of soil with only sm~ll increases 
in the farm level prices of the agricultural commodities. 
Total soil loss can be reduced significantly through the 
shift to conservation practices and reduced tillage in the 
crop management systems utilized. Some shift in crops grown 
is indicated as the less-erosive crops are substituted for. 
the more-erosive crops, especially the silages. 
Regionally, the shifts in production patterns ~re more 
pronounced in the South Central, South Atlantic and North 
central regions. The regions in the west, where ruuoff is 
lover, gain in production of the agricultural products. In 
all regions, the more-erosive crops are incorporated into 
less-intensive rotations and on the less-erosive lands. 
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The environmental impacts associated with the reduction 
in soil loss are compounded by the increased use of the pes-
ticides to control the insects and weeds formerly controlled 
by mechanical tillage. Fertilizer use is distributed some-
what more widely as the less-intensive rotations do not con-
centrate the high-fertilizer use crops. 
Erosion lnd Erosion Control Methods 
Table 85 presents a summary of the soil loss and farming 
practice data for the four soil loss alternatives analyzed. 
Erosion per acre with no restriction averages 9.9 tons per 
acre and declines to 4.3 tons per acre with a 10 ton restric-
tion, to 2.8 tons per acre with a 5 ton restriction and to 
1.9 tons per acre with a 3 ton restriction. The initial re-
striction results in a 58 percent reduction in total soil 
loss from the 2,677 million tons under the unrestricted 
model. Thereafter, the lover restrictions en=ourage lower 
percentage reductions in soil loss as the 5 ton restriction 
reduced total soil loss by a further 36 percent and the 3 ton 
restriction by a further 33 percent. 
The method of controlling erosion and bringing about the 
reduction in soil loss is through a shift to reduced tillage 
from conventional tillage, and within the tillage methods, a 
shift away from straight row cultivation to conservation 
practices. Under the unrestricted alternative, 92.1 percent 
of the lands are farmed under conventional tillage. This 
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Table 85. Summary of erosion and acres under alternative 
conservation practices with the alternative soil 
loss restrictions in 2000 
Per acr~ soil loss restriction 
ltem(unit) unrPs-
stricted 10 ton 5 ton 3 ton 
Erosion per acre 
(tons) 9.9 4.3 2.8 1.9 
Total erosion 
Cr·1illion tons) 2677 1132 727 483 
Total acres culti-
vate::l (000) 26gl13 261564 258882 258058 
Percent of acres by 
t i 11 a.:J;e method 
conventional 
reducerl 
Percent of acres by 
conservation practice 
contouring 
strip crop-terracing 
strai:;ht rov1 
92.1 
7.9 
4.6 
1.2 
94.2 
83.1 
16.9 
17.3 
8.7 
74.0 
77.7 
22.3 
21.6 
18.1.) 
59.5 
71.7 
28.3 
25.2 
26.0 
48.8 
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practice drops to 71.7 percent for the 3 ton restriction. 
With respect to tillage methods, 94.2 percent of the utilized 
land is cultivated under straight row techniqmes when no soil 
loss restriction is imposed. The percentage declines to 48.8 
under the 3 ton restriction. Concurrently, the use of con-
touring is increasing from 4.6 percent under no restriction 
to 25.2 percent of the acreage under the 3 ton restriction. 
Strip cropping and terracing undergo the largest percentage 
increases and are mostly associated with conventional 
tillage. The use of strip cropping or terracing on lands in-
creases from 1.2 percent of all lands under the unrestrictei 
model to 8.7 percent with the 10 ton restriction, 18.9 per-
cent with the 5 ton restriction and to 26.0 under the 3 ton 
model. 
Land and iater Allocations 
The unrestrained soil loss model utilizes 586 aillion 
acres of land in 2000, down 366 million acres from the 1967 
actual acreage, Table 86. rhis reduction is largely due to a 
decline of 311 million acres of pasture lands and 28 million 
acres of land in fallow or allocated to exogenous crops. The 
remaining 26 million acre reduction is mostly associated vith 
a smaller acreage of close-grown crops as vhe~t moves to land 
not required for the row crops in the less arid acres of the 
North Central and South Central zones. Irrigated land de-
clines by 8.6 million acres as depletion of groundvaters re-
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duces the water availability in the western area of the Great 
Plains zone. 
The imposition of a 10 ton soil loss restraint further 
reduces the land used by 6 million acres. ftost of the reduc-
tion occurs in row crops categories as these commodities are 
shifted to more productive lands. Further reiuctions in the 
level of allowable soil loss reduces the acreage of row crops 
and increases the acreage of irrigated close-grown crops, 
dryland and irrigated hays and dryland pasture. As the soil 
loss restraint is reduced to 5 and 3 tons, the total agricul-
tural land base increases as low-erosion and low-productivity 
native pastures and hayland are used for fieli crops. Silage 
acreage declines from 13.9 million acres under the unre-
stricted model to 5.2 million acres under the 3 ton soil loss 
restriction. The decline in silages results from their ero-
sion characteristics. 
Regionally, the imposition of soil loss restrictions re-
duces the level of the cultivated land base (row cr~ps and 
close-grown crops) in the South Atlantic, South central and 
North Central zones, Table 87. The North Central and South 
Atlantic zones especially have an increase in hay and pasture 
land to compensate for shifts in cultivated lands. The more 
arid zones, including the Great Plains, North West and South 
West, have increases in close-grown crops. The North West 
and South West also increase row crop acreage. 
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Table 87. Summary of agricultural land use by the major 
zones under alternative soil loss restriction 
levels in 2000 
f~[ iii'[~ ~gi 1 Jg~~ c~~tcl,tlgo 
Zone/1 and use unres-
tricted 10 ton 5 ton 3 ton 
North Atlantic 
row crops 3713 3661 4318 3359 
close crops 1698 1225 2491 2089 
hay land 1616 1608 2043 2247 
pasture 6806 6888 7098 8315 
South Atlantic 
row crops 10691 9647 10065 8549 
close crops 3201 2729 870 736 
hayland 2007 2006 2686 2913 
pasture 23592 23632 25222 25615 
North Central 
row crops 90926 87843 84714 88372 
close crops 19440 19117 18756 17652 
hay land 17190 18054 20,21 23523 
pasture 29775 30304 33820 35810 
South Central 
row crops 28666 26401 21l305 19883 
close crops 20716 20569 19720 19885 
hayland 27447 27648 27722 23304 
pasture 110694 111368 108031 105322 
Great Plains 
row crops 7512 7017 5593 6904 
close crops 16192 16549 15510 18292 
hayland 21051 21385 22443 24775 
pasture 41860 41949 41999 45579 
North West 
row crops 1740 1734 1981 1811 
close crops 7763 7762 7751 7906 
hay land 5679 5631 5598 5986 
pasture 26896 27033 27833 28872 
South West 
row crops 4978 5112 5059 5562 
close crops 6498 6358 8380 6253 
hay land 3747 3737 3689 2826 
pasture 66357 66361 67404 66925 
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The use of water by agriculture varies directly with the 
shifts in irrigated acreage, Table 86. The consumptive water 
use is above the level estimated for 1965 even though irrig-
ated acreages are down. This is possible as the regional 
distribution of the irrigated crops affects tme water re-
quirements. 
Agriculture and Environaental Improvement 
The results of the alternative soil loss analysis indi-
cates that agriculture has the productive and techn~logical 
capacity to contribute to environmental improvement without 
serious implications for domestic food prices when exports 
are at average levels. s~il erosion can be substantially 
reduced through the use of per acre restrictions. This re-
duction in gross field er~sion could reduce tme contributiom 
of agriculture to the level of sediment in the waterways, 
given the delivery and transport characteristics of the area. 
There is, however, a trade-off in environment~! quality: as 
erosion is controlled, the level of pesticide and fertilizer 
application increases as farmers shift to reduced tillage 
methods. Thus, policy aakers must con~ider the implications 
of increased use of these two comaodity groups and their com-
tributions to pollution. 
Increases in production levels brought about by expanded 
export levels increases the per acre soil loss from 2.8 to 
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2.9 tons per acre for either of the two levels considered. 
The increased per acre soil loss results from the inclusion 
of a higher proportion of the more erosive lands among tae 
acres brought into production to meet expanded demands. 
Total soil erosion increases 16.0 percent as exports double 
and a further 15.5 percent as exports are tripled, Table 88. 
This corresponds to the 16 percent increase in acreage for 
each of the increases in export level. Exports thus, can im-
crease without significantly increasing the per acre soil 
loss levels, given the 5 ton restriction, vita total soil 
loss increasing proportionately to acreage, 
Tab 1 e 88. Summary of erosion and percent of acres by conser-
vation practtce with the 5 ton per acre soil 
restriction ani the alternative export levels in 
201)0 
lten(unit) 
Erosion per acre 
(tons) 
Total erosion 
(mi 11 ion tons) 
Total acres cultivated 
(000) 
Percent of acres by 
tillage method 
conventional 
reduced 
Percent of. acres by 
r.onservation practice 
stralght row 
contouring 
strip crop-terracing 
Export alternative 
69-71 ave 2 * ave 3 * ave 
2.8 
727 
258882 
77.7 
22.3 
59.5 
21.6 
18.9 
2.9 
843 
295047 
75.2 
24.8 
54.8 
23.3 
21.9 
2.9 
337299 
72.9 
27.1 
49.4 
23.4 
27.2 
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The increased acreage required for larger exports con-
centrates increasingly on the lands farmed unier the reduced 
tillage methods. 
Increased exports necessarily require more land for ag-
ricultural production or a more intensive use of tha lands 
already farmed. Increased exports of feed grains, wheat ani 
the oilmeals directly influences the acreage of the row crops 
and close-grown crops, Table 89. These exports also influ-
ence the acreage of hays, pasture and other crops as live-
stock rations allow for changes in the feeds consumed. Use 
of the dry and irrigated lands does not decline as the sub-
stitutions and expanded exports readjust the market. The 
only significant quantity of lands available for expansion of 
agriculture, above the tripled export level, is in pasture 
lands from which the livestock has been removed. 
Water and nitrogen use increase nearly in proportion to 
the increased acreage for greater exports. water use changes 
reflect limits on water and irrigable land availability. 
Shifts in nitrogen use reflect the productivity of the fer-
tilizers used in the various regions and on the several land 
classes. 
The double and triple export levels were accompanied 
with rather wide shifts in crop production among land classes 
and agricultural regions and in the conservation practices 
used. However, the aodel indicates that vith imposition of 
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soil loss restraints, export levels equal to triple t~e 
1969-71 level could be attained while bot~ (a) environmental 
improvement is attained through regionally and nationally 
imposed limits on soil loss, and (b) commodity prices are in-
creased only modestly. The nation's agricultural plant ap-
parently has sufficient capacity and flexibility to allow si-
multaneous attainments in environmental improvement, expanded 
exports and reasonable farm commodity prices. The analysis 
does not, however, relate to exports as high as those experi-
enced in 1972 and 1973. 
Agricultural Technological Requirements 
Erosion apparently can be controlled by aeans of the 
technologies currently available to agriculture with little 
impact on the sector's potential to meet the ~gricultural de-
mands and modest export increases in the year 2000. 
The analysis indicates that the appropriate level of 
erosion control might be attained through (a) a rather large-
scale shift in crop production to contouring and strip 
cropping (with little terracing), (b) utilizing conventional 
tillage aethods, and (c) through a shift of a=reage to 
reduced tillage methods. 
Agricultural Returns and Farm Price Levels 
The return to labor and water declines slightly with the 
imposition of the soil loss restraints used in this study. 
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Land returns increase greatly. Tne reduced ltbor retarn re-
sults from the decline in total acreage cultivated. The 
reduced water return results from a shift of production to 
the lower-valued, close-grown crops and away from higher-
value rov crops on irrigated land. 
For the model's agricultural capacity and export levels 
analyzed, price levels increase only as the allowable soil 
loss level becomes low. A reduction in soil loss can be 
attained with only minor increases in farm prices levels. As 
soil loss is lowered, and export levels are increased, com-
modities associated with more erosive land use patterns and 
the highly erosive areas of the nation experience the greater 
price increases. At the 5 ton soil loss restriction level 
(2.8 tons per acre actual soil loss) price increases are only 
about 5 percent when exports are at the 1969-71 level. If 
exports of the feed grains, wheat and oilmeals are increased, 
however, price increases are greater. While exports larger 
than triple the 1969-71 level are not analyzed, greater de-
mand magnitudes imply high commodity prices with restraining 
soil loss restrictions. An increase in exports to three 
times the 1969-71 level exhausts the capacity of the agricul-
tural plant as all land available, given the 5 ton soil loss 
restriction, is used. Further expansion of tme demand would 
bring forth large price increases and little increase in sup-
ply. Commodity supplies can be increased vita •odest price 
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increases, up to the export level where the available land 
base is fully utilized. Beyond this leYel, supply can in-
crease only with substantial increases in prices unless more 
intensive production is used. 
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APPENDICES 
Appendix 1. Exogenous Crop Sector 
The exogenous crop sector defines the allocation of laad 
by region and land class, fertilizer nitrogen, and water for 
use by the crops not endogenously allocated by the model. 
These crops include broomcorn, buckwheat, cowpeas, dry beans, 
dry peas, flax, hops, orc~ards and vineyards, peanuts, 
potatoes, proso-millet, rice, rye, safflower, sugar cane, 
sunflowers, sweet potatoes, tobacco, and vegetables. Soil 
loss from lands utilized by these crops is not considered in 
the total accumulation of soil loss as data, and alternative 
cropping patterns are oot available. 
Water allocation for the exogenous crop sector is deter-
mined directly from the water use coefficients developed in 
Ag{i£Y!~Y[!!_!~t~t-~~!n~~ (9). These per acre water use 
rates were applied to all acres and this value entered as tme 
requirements for the exogenous crops. The allocation of land 
and nitroqen fertilizer are outlined in t~e following sec-
tions. 
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The acreage defined for use by land class is adjusted to 
reflect the requirement for the production of the exogenous 
crops in 2000. The 1969 production and the projected produ~-
tion in 2000 by state for most of the exogenous crops are ob-
tained from the OBERS work of the Economic Research Service. 1 
Acreages by state for each crop in 1969 are obtained from 
the ~gn~2_of_l[ri£~l~~£g (35) and an average state yield in 
1969 is determined.z Dean ~1 !!· (2) reports yields for the 
exogenous crops produced in California in 1969 and projected 
yields for each of the crops in 2000.3 The ratio yield in 
2000/yield in 1969 is determined for each crop in t~e 
California study (2). It is assumed that the yields in each 
state will increase proportionately to those in california, 
and the above ratios are used to adjust all state yields from 
1969 to 2000. Acreage requirements for the year 2000 are 
-----rThe-1972-oBias Report backup materials were obtained 
through private communication vith Dr. Melvin L. Cotner, Di-
rector, NBED, u.s. Department of Agricultare, March 1973. 
2For crops not included in the E.R.S. data it is 
assumed that the acreage required in the year 2000 will be 
the same as required in 1969 with the production differential 
being made up by increases in yield per acre. 
3Yields for the crops not included in Dean's study (2) 
were obtained by extending the 1949-1969 yieli trend from the 
Agriculture Census (32, 33, 34, 35) to the year 2000. 
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computed by dividing the estimated production by the project-
ed yields per acre. 
All projections in the exogenous crop sector are made at 
the state level. The acreage is allocated to the counties 
within the state on the basis of the proportion of each crop 
£~£~ (34).• The acreages of each of the exogenous crops 
in each producing area is determined by suaming the projected 
acreage of the relevant crops in the producing area over the 
subset of counties consistent with the definition of the pro-
ducing area. 
Within each producing area the exogenous crops are 
grouped into three categories according to their aethod of 
cultivation. These categories are row crops, close-grown 
crops and orchards and vineyards. Acreages of these tb.ree 
categories are then allocated to the different land groups in 
proportion to tb.e calculated ac.res of other rov crops, close-
grown crops and orcb.ards and vineyards as determined by land 
class in the Iati~n!l-!nY!n12£I (3). This same procedure is 
used for both dryland and irrigated acreages. If the pro-
jected acreage requirement for the exogenous crops is greater 
•The 1964 C!n~!§_Q,_!~£icg!!i£e (34) vas used for the 
state to county allocat1on as not ail 1969 state summaries 
were published at the time of calculation. State data for 
1969 vas available from the Nati2!ll-~!.al£I (35). 
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than the acreage available for the land group, the excess 
acres are allocated either to the land group next closest in 
erosion hazard characte~istic or to the same land group in in 
adjoining producing area depending on the agronomic cha~ac-
teristics of the land g~oups, producing areas and cropping 
patterns required to produce the exogenous crops. 
Hi~£Qg~n_IQI_!h~~~Q~a2Y§_££2E§ 
The use of nitrogen by the exogenous crops represents i 
significant demand for nitrogen especially in the Gulf and 
West Coast areas. The amounts of nitrogen required by the 
specific crops are dete~mined from the work of Ibach and 
Adams (11). The quantity used per acre for each of the exog-
enous crops is multiplied by the acres calculated in the ~e-
gion. The assumption is made that by 2000 the application 
rate for all acres will be equal to the application rate on 
the acres fertilized in Ibach and Adams data.t The region 1 5 
nitrogen requirement for the exogenous crops is determined 
as: 
RN(i} = El(i,m,N(i,j) 
m 
l(i,m) is the projected acreage of crop m in producing 
------------ -----
tThis assumption is used as time series estimates of 
the percent of acres receiving fertilizer are not available 
for most of the exogenous crops. 
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area 1 in 2000; 
N(i,mt is the projected per acre use of nitrogen by 
crop m in producing area i in 2000; 
RN(i) is the total projected fertilizer nitrogen 
equivalent of all crops in producing area i in 
2000. 
Appendix 2. Development of the Livestock Sector 
The equilibrium of the livestock sector is partially de-
termined exogenous and partially endogenous to the aodel. 
The dairy, pork and beef production sectors are endogenous 
while the poultry, sheep and other livestock are allocated 
exogenous to the aodel. 
Rations for the exogenous livestock are deterained as 
give the quantity of each of the commodities required per 
unit of the livestock class. These quantities are withdrawn 
from the consuming region commodity aarkets at a level con-
sistent with the projected level of the relevant livestock 
class. The water requirements of the exogenous livestock, in 
-----liCtivities-are defined to create the coaaodity needs 
for the production of broilers, turkeys, eggs, sheep and 
lambs and a general categ~ry for other animals, such as 
horses, mules, ducks and zoo aniaals. 
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the regions of the west, are also obtained from ![ri£~t!ral 
The use of the commodities, except oilmeals, by each 
class of exogenous livestock represents a direct demand on 
the regional coamodity markets. The oilmeal demand is 
adjusted to reflect the amount of hiqh protein animal feed 
produced as a by-product fr~m the slaughter of the exogenous 
livestock.t 
The quantity of nitroqen equivalent wastes produced by 
broilers is determined as described later and a comparable 
production of nitrogen waste is calculated for the other 
poultry classes based on feed consumption and commodity pro-
duction relative to broilers. Sheep and lamb wastes are cal-
culated from the coefficients of the endogenous ruminants 
based on the waste production per unit of output. l more de-
tailed explanation of the nitrogen waste calculation is in-
eluded in the nitrogen wastes section. 
The ea9Q9!agg§_!i!~212£!~2!£!2£ 
Activities for the production of pork, milk, feeders and 
fEd beef are defined in each of the 223 producing areas. The 
tThe quantity of hi~h protein oilmeal eqmivalent pro-
vided by the exogenous l1vestock is determined by evaluatinq 
the relationship between slaughter wastes and t~tal animal 
protein supplements consumed and the waste is allocated to 
the classes of liYestock based on the proportion of wastes 
from all animals which ~riginated from the qiven class. 
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activity costs and output levels a~e based on the work of 
Eyvindson (8) and are weighted into the 223 producing areas 
and projected to 2000 using the procedure outline in ![~l£YL-
!YI~!-~~!~£_Q~!~~12 (9) • 
A modified system of ration deter~ination is used for 
this analysis. Rather than allow for nutrient transfers from 
the commodities to the livestock rations as h~s be.en done in 
previous models (8, 9, 10), this model allows alternative 
Lations for the livestock activities vhich draw directly from 
the commodity balance rows. Under the nutrient transfer sy3-
tem balanced rations are determined endogenous to the model, 
but it is possible to have rations which, because of the com-
modities included, are not palatable to the livestock units. 
An example is to provide tlle energy component of a beef 
feeding ration from wheat which under normal 11anage11ent sys-
tellls is not a feasible alter native. All ra ti.:>ns pr:>vided f:>r 
each of the livestock groups are balanced in separate mathe-
matical formulations based on the nutrient requirements spe-
cified by the National Academy of Sciences (1/, 18, 19). Tlle 
rations are formulated to provide alternative leYels of sub-
stitution between grains, between roughages aad grains, and 
between the rou~hages given a grain component. These rations 
reflect research-based recommendations which approximate an 
optimal level of feeding efficiency. In order to account f~r 
the "inefficiency" of actual prodnction, the cations are 
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adjusted to set tbe level of total nutrient consuaption at 
the level of projected consumption in !~~~~!lt!~~l-!a~~~-Q~­
~an~ (9). By providin~ these alternative rations a linear 
combination of them provides the system with a sufficiently 
large number of possible rations vith which to minimize the 
feed costs of tbe respective livestock group. 
In the rations the oilmeal requirements are based on the 
total demand for soybean meal equivalent high protein supple-
ments. Part of tbis requireaent is satisfied by high protein 
grain by-products or from animal scraps. An adjustment is 
made to define the high protein requirement in teras of 
soybean oilmeal equivalent only. The historic consumption 
patterns of animal and "grain" protein are related to 
slaughter and milling, respectively, and the consumption 
level per unit of processing determined is assumed to bold to 
2000. Livestock production has its high protein demands 
reduced by the expected production from each type of live-
stock and the milling production is adjusted for as the per 
capita consumption for the grain commodities is determined. 
~i!~t2~~-E~2gY~!i2~-2l_!l~~ggi!2!~-!a~~!~ 
Livestock wastes historically have served as a ready 
source of plant nutrients. With the advance of technology 
and the resulting concentration of large numbers of livestock 
in localized feeding facilities, the disposal of the waste 
products has become of concern to the operators of the facil-
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ities and the community. All livestock activities considered 
in the model are subject to the restriction taat the nitrogen 
wastes, using the "conventional" system of handling, must be 
utilized in the cropping sector. Data expressing tlle daily 
production of nitrogen wastes for the different classes of 
livestock (14, 20~ are adjusted for the efficiency of the 
handling system and for the feeding time and pattera of the 
activity (37). The calculated per unit produ=tion of nitro-
gen, Table 90, is used as the activities coefficient for 
interacting with the nitrogen sector. 
Table 90. 
Type 
B~ef CO\'/S 
f)eef feed j nr; 
( 1. 5 ).! 
n.~ef feedi7g; 
(2.25).!! 
~eef feec'ing 
(3. ,) )_!!! 
na in' 
HO!!;S 
Poultry~/ 
!: 
'·- f';P.;S 
Sheep 
Nitrogen fertilizer equivalent wastes from 1 ive-
stock 
Lbs. of nitrogen per IJn it Period unit of 1 ivestock 
Head Year 58.0 
:lead Day .102 
Head Day .103 
'!end Day .105 
Head Year 142.0 
r. \'•/ t • '-. \'J. rrod'n period 2.~ 
1000 lbs. r.c.H. Prod'n period 28.0 
1000 doz. Prod 1 n re r i od 20.5 
Cwt. r.arc. wt. Prod'n period 2.17 
!!/pates arc'! exr.>ected daily .c:;ain of the feeders while in 
the 1 ot. 
~/Poultry represents the production of broilers or turkeys. 
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Appendix 3. Datermination of the Soil Loss Coefficients 
Gross soil loss represents the average number of tons ~f 
soil leaving the field ~ver a one year period. This measure-
ment of soil loss does not represent the amount reaching the 
stream or bodies of water as some of the soil particles 
settle out or are diverted as the runoff passes through 
grassed areas or onto flatter terrain, thareby changing the 
waters capacity to transport soil particles. Two separate 
procedures were used to determine the gross soil loss per 
acre. For the areas east of the mountains the "Universal 
Soil Loss Equation" as described by Wischmeier and Smith (39) 
is used to develop the gr~ss soil loss coefficients. The 
soil loss equation is represented by: 
l = R XKXL](SXCXP 
where: 
A is the average annual per acre soil loss; 
R is a rainfall erosive factor based on the local area; 
K is a soil erodibility factor for the specific soil 
determined from its erosion under continuous fallow ~n 
a nine percent slope, 72.6 feet long; 
L is the slope length factor relative to a 72.6 foot 
slope 1 en gt h, 
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s is the slope gradient factor relative to a nine per-
cent slope; 
c is the crop management factor which relates to a par-
ticular crop rotation and tillage practice and 
P is the erosion control practice factor which relates 
to the conservation practice.' 
For details on the factors and on the computational proce-
dures used see Wischmeier and Smith (38) and "Technical 
Release 51" {6). For the areas east of the Rocky Mountains, 
the above variables are defined as the dominate value exis-
ting on each soil class and subclass in the area of report-
ing. The soil loss is then computed by Land Resource Area 
for each feasible combination of crop rotation, conservation 
practice, tillage method and soil class defined from the scs 
data questionnaire. 
The soil loss defined above for the relevant of the 29 
major soil classes and subclasses is aggregated using 
weighting functions deterained from the R~~!Qn~l-!ll!iB~Q~I 
(3) to get soil loss by the nine soil classes. The soil loss 
by cropping management system is weighted to the producing 
area from the scs data area as follows; 
-----~The-data-for this equation are obtained from tables in 
Wischmeier and Smith (38) and the regional data given for the 
soil classes in a questionnaire completed in conjunction with 
the Soil Conservation Service, USDA. 
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S(i,j,m) = :&SL(i,j,k)A(j,k,n,m)/A(j,m) 
n 
i 
j 
k 
m 
n 
where: 
= 
= 
= 
= 
= 
1, ••• , the number of crop manaqement systems de-
fined in the producing area, 
1, ••• , 18 for the soil groups, 
1, ••• , 165 for the relevant set of scs data, 
1, ••• , 223 for the producing area, 
1, ••• , the number of sets of scs data included in 
the producing area, 
S(i,j,m) is the soil loss for crop management system i 
on soil group j in producing area m; 
SL(i,j,k) is the soil loss for crop management system 
i on soil group j consistent with scs data area 
k· 
• 
A{j,k,n,~ is the acres of tillable soil group j in 
part n of producing area a and is consistent 
with scs data area k and; 
A ( j, m) is the total tillable acres of soil group j in 
producing area m. 
These coefficients are attached to the appropriate crop pro-
duction activity and reflect the severity of erosion for the 
conditions on which the cropping management system is de-
fined. 
For those agricultural lands in the mountain valleys and 
on the west coast, the data required for the soil loss equa-
tion have not been completely developed and an alternative 
procedure is used to estimate the soil loss from these lands. 
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The scs data questionnaire {Appendix 3) asked for crop man-
agement systems consistent with the productioo possibilities 
of the scs data area. rhe scs personnel estimated the tons 
of soil loss associated with the crop aanagemaot system on 
each of the land class and subclasses defined in the scs data 
area. These estimates are, for purposes of this model, 
treated as if they were developed from the same equation from 
which the estimates in the eastern area are computed. This 
"assumed consistency" allows the soil losses from each scs 
data area to be treated equally in weighting to the producing 
areas in the model. This capability is required as some pro-
ducing areas overlap the scs data areas in which the soil 
loss is developed using the eastern procedure and other are!s 
which have the soil loss estimated with the western proce-
dure. Each of the activities representing the production of 
irrigated crops is considered to have a soil loss similar to 
the corresponding dryland activities. The assumptions which 
are needed to enable this transformation include good manage-
ment of the irrigation system, a larger quantity of residue 
left from crops receiving irrigation which will help to 
"bind" the soil during the subsequent applications of water, 
and the heavier growth resulting from irrigation increases 
the canopy protection of the soil by the plants reducing 
dislodging during rainfalls. The soil loss coefficients form 
the first of the bank of total coefficients required to com-
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pletely define each activity. 
Appendix 4. Developaent of the Crop Yield Coefficients 
A unique yield is determined for each of the irrigated 
and dryland crops as a function of the producing area, the 
soil class, the crop rotation, the conservation practice and 
the tillage method. The development of the yields progressed 
from a system of state functions capable of projecting to tne 
future, a transformation into producing area functions, and 
finally the projected yields adjusted for crop rotation, land 
class and conservation and tillage practice. 
!!~!Q_Q~1~&~!llg~i2ll 
The state projection functions are modifications of the 
functions developed by Stoecker (27). For a given crop the 
function is of the form: 
Y(t) = Yo(t) + A(1-.B**x(t))*PF(t) 
where: 
Y(t) is the estimated average per acre yield in year 
t; 
Yo(t) is the estimated average yield per acre on 
unfertilized land in year t, developed from a 
linear trend function; 
A is the maximum response obtainable from fertiliza-
tion; 
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X(t) is the number ~f units of fertilizer applied per 
acre in year t; 
PF(t) is the proportion of the acreage receiving fer-
tilizer in year t, developed from a linear trend ~f 
the proportion of crop acres receiving fertilizer 
and; 
t is years after 1949. 
The X(t) defined above represents: 
X(t) = PO(t)*(LN(PX/PC) - LN(a» - (LN( LN .8)),/LN .8 
where: 
ln is the natural l~g of base e; 
Px is the weighted price of a unit of fertilizer; 
PC is the price of a unit of crop c; 
PO(t) is a linear estimate of the proportion of the 
optimum rate of fertilizer applied in year (t). 
The last multiplicative factor in the abowe equation repre-
sents an estimate of the optimum application of fertilizer 
obtained by solwing the marginal conditions of a profit 
maximization system. 
The second step in the determination of yields is to 
veight the state functions by the proportion of the acres in 
each producing area and aggregate the producing area parts 
into functions which can predict the yield on a producing 
area basis. The veigh ts are developed from tile 12..§!_~i.ll§.!!§. 
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of_A~£!£g!~Y£~ (34) and are represented by: 
W (i,m,k) = I:A (i,n, j m)/EA(i,k,ll) 
i 
j 
k 
m 
n 
where: 
j II 
= 1, ... , 15 for the crop number, 
= 1, ... , for the counties in state n, 
= 1, • • • I 233 for the producing areas, 
= 1, ... , for the producing area part in state n, 
= 1 , • • • • 48 for the continental states, 
W(i,m,k) is the veiqht for crop i in part 11 of produ-
cing area k; 
A(i,n,j m) is the acres of crop i in county j of state 
n included in part m of producing area k; 
A(i,k,m) is the acres of crop i in part m of producing 
area k. 
These weights are multiplied by each of the fmnction coeffi-
cients and summed over m for each i and k to give the produ-
cing area yield predition equation. This procedure is used 
to transfer the yield, proportion of acres fertilized and 
proportion of optimal fertilizer applied functions into the 
producing areas. 
The producing area yield is calculated for each crop 
based on the functions developed and the projected levels of 
fertilizer use. If the rotation in which any crop is definad 
includes a legume crop the carry-over nitrogen from these 
sources is included in predicting the yields. The fertilizer 
value of the legume crops will be covered in the fe~tilizer 
use part of this Appendix. In many instances the legumes, 
especially alfalfa hay, produced more fertilizer equivalent 
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nit~ogen than would have been applied comme~cially. When 
this occur~ed, the fe~tilizer eqaivalent nit~ogen f~om the 
legume is used in the yield equation giving a large~ yield 
than unde~ trend fe~tilizer uses. 
The next step in determining the yields fo~ the c~opping 
system is to adjust fo~ land class, conse~vation practice and 
tillage method. The data obtained in the scs questionnai~e 
included a set ~f ratios giving the relative land class 
yields as compa~ed to the most productive land class of the 
area. These ratios are used with the acreages by ccop typet 
by land class reported in the Rati2Ra!_!R~§R~2[! (3) to de-
velop a set of catios which relate each land class to the 
producing area average cr~p yield. These ratios are then 
used to adjust the projected producing area yields for land 
class. 
The conservation and tillage ratios, from the scs data, 
are used equally on each land class and the yields are 
adjusted for both conservation and tillage effects. For the 
adjustment ratios if data vas missing the national avecage is 
used as a proxy. This substitution is only used where that 
practice or land class exists in the producing area and the 
specific data needed vas not included on the scs data forms. 
-------------lCrop types ~eflect the rov crops, close-grown crops 
and hay and pasture as reported in the !a~i2n!l_!RY~n~£I 
(3) • 
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These adjustments completed the calculation of yields as de-
termined from the response function of tile area, the land 
class, the rotation, the conservation practice and the 
tillage method. 
~i!l~~-g2~-£2!1~!£l!R~2_fo[_Sh!_£~2e2 
The fertilizer coefficients developed from the functions 
were independent of the land class, the conservation practi=e 
or the tillage method. · The functions developed by Stoecker 
(27) provided the basis for determining the level of nitrogen 
supplementation required. The level of commercial fertiliz~­
tion required to meet the projected yields were determined by 
taking the optimum level of fertilizer use as determined from 
the function and subtracting the amount proviied by the 
legumes, if any, in the rotation. The legume nitrogen data 
was developed from results reported in agronomy publications 
(16, 23, 25) and through consultation witll William Shrader.' 
An estimate of a function was developed which related nitro-
gen fertilizer equivalent carry-over of the legume as a fun=-
tion of the yield of the legume. only those legumes which 
offer the potential of high nitrogen production are includei 
when developing the function. This selectivity allowed for 
the switch to equal yielding but higher management legume v~-
tProfessor of Agronomy, Iowa State University, Ames, 
Iowa. 
221 
rieties in order to harvest the carry-over nitrogen. The 
legume hays provided carry-over for a two year period after a 
good yielding stand and functions relate the first and second 
year production of nitrogen. The first year function is 
N1 = 50.0 * I -5.01**2 + 0.21**3 
and the second year function is 
N2 = 81.5- (81.5).8**1 
where Nl and N2 are the pounds of nitrogen supplied by the 
legume for the crop following the first and second year after 
plowing, respectively, and I represents the annual yield in 
tons of dry weight hay equivalent of the legume hay during 
the years it is harvested. The effect of legumes does not 
include a green manuring response but rather only the re-
sponse coming after a legume hay crop. This type of rela-
tionship allows for the utilization of the rougaage for feed 
and also the nitrogen carry-over. 
l similar functional relationship has been developed for 
nitrogen carry-over from soybeans. Shrader and Voss (24) 
have shown that soybeans provide approximately one pound of 
nitrogen equivalent per bushel of soybeans yield as a carry-
over for the crop during the following year. After adjusting 
the fertilizer use, determined by optimizing the production 
relationships, for the amount supplied by the previous years 
legume crop, the nitrogen coefficient for the cropping aan-
ageaent system is determined. 
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The sources of supply for the nitrogen requirement is 
determined endogenously in the nitrogen sector of the model. 
The nitrogen can be obtained from purchase of commercial ni-
trogen fertilizer or through the use of livestock wastes. 
The non-nitrogen fertilizer required to satisfy the calcula-
ted optimum application rate is purchased and the c~sts are 
included in with the rest of the production costs to give the 
exogenous variable costs of production for the system. 
Appendix 5. Development of the Crop Minagement 
System Costs 
The source of the basic data used in determining the 
costs of production is Eyvindson (8). The machinery, labor, 
pesticide, non-nitrogen fertilizer and miscellaneous costs of 
Eyvindson are weighted to the 223 producing areas f~r each ~f 
the 11 endogenous cropsl using county acreages as the weights 
and the following relationship: 
C(i,j,k) = L: C(i,j,m) * A(j,m)/A(j,k) 
me:k 
i = 1, ... , 5, for machinery, labor, pesticidas, 
tilizer- and Ill is cell an eo us costs, 
j = 1 I . . . , 11 for the endogenous crops, 
k = 1, ... , 223 for- the pr-oducing areas, 
m = 1 , ... , num her of counties in producing area 
------------------
fer-
k. 
1The endogen~us cr-ops ar-e barley, corn, ~orn silage, 
cotton, nonlegume hay, legume hay, oats, sor-ghum, sorghum 
silage, soybeans and wheat. 
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where: 
C(i,j,k) is the C()St i for crop j in producing area k; 
C(i,j,m) is the cost i for crop j in county m; 
A ( j, m) is the acres of crop j in county m; 
A (j, k) is the acres of crop j in producing area k. 
Each county in one of Eyvindson 's regions is assumed to have 
the costs of that region. The acreages used ~s the weights 
are from the £~:H!21HLQ~_!9.£i£ ul!;;.!!I.!! (34) • Labor costs were 
adjusted to account for the increases in technology as ()Ut-
lined in !9.£i£.!!l!~£a!_!!!;;!!£_Q!\!!!R~~ (9). Eac~ cost is then 
projected to 2000 using the assumption of constant per unit 
costs. 
Adjustments for conservation practice and tillage meth()d 
are determined from the scs data guestionnaire. A base of 
straight row cropping is used for conservation practices and 
adjustments are made in machinery and labor efficiency for 
contouring, strip cropping and terracing. Similarly, adjust-
ments are made for the tillage practices where conventional 
tillage with no residue management serves as the base. The 
variations included conventional tillage with residue ~anage­
ment and reduced tillage. 
A further adjustment is made for reduced tillage opera-
tions to reflect the tradeoff between tillage operations and 
the use of herbicides for weed control. In areas which are 
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not moisture deficient,' Figure 12, a direct tradeoff aas 
been determined with the saving in machinery cost being 
equally offset by increased herbicide costs (1, 3, 13, 22). 
In arid areas the adjustment consisted of a $3.00 increase in 
herbicide costs for each $1 reduction in nonherbicide costs. 
This is consistent with the extensive farming methods used 
resulting in a much reduced weed problem. 
The costs reflect regional average costs of production 
and a response to summer fallow is required for those crops 
normally grown in a summer fallow rotation. From tb.e §!!!~~t,-
ed_YLa~_£rop By~~1§ (6, 7) a relative use of fertilizer and 
herbicides vas obtained for the plains area where summer 
fallowing is common (Figure 13). The adjustmants reflected a 
4 percent reduction in pesticide after summer fallow and an 
increase of 50 percent if summer fallow is not part of the 
rotation. The vide variation in the adjustments results fr~m 
the average being close t~ the after summer fallow data as ~ 
result of the large percent of all acres in a summer fallow 
rotation. A similar adjustment is made for fertilizer use 
with crops in summer fallow rotations receiving .92 of tb.e 
average and continuous cr~pping sequences recaiving 1.18 
times the average. 
tBeing moisture deficient indicates an excess of poten-
tial evapotranspiration over precipitation. 
~
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Summer fallowing costs are treated as a separate "crop" 
in the area. The relationsbip is developed by coaparing the 
crop rotations in the a!l!~~~~-££22-1~~~!~§ (6, 7) which 
include summer fallow to those which are continuous. In this 
way an estimate of summer fallow costs is obtained and a 
ratio of summer fallow cost to crop cost is developed. The 
summer fallow costs in tbe model are calculated from the de-
termined crop costs and the developed ratios. 
A final cost adjustaent is made to reflect the terracing 
costs for those cropping systems defined to include 
terracing. The scs data provided estimates of the coeffi-
cients required to calculate construction costs for terraces. 
The data is provided only for those classes on which 
terracing is a feasible alternative and other lands do not 
have terracing as one of their alternate conservation prac-
tices. The average terracing cost per acre is calculated by 
producing area as: 
TC(i) = .1 (CC(i) + PW(i)i(i) + PT(i~T(it)PLT(i) 
i = 1, ••• , 9 for the land classes, 
where: 
TC(i) is the per cultivated acre terracing costs on 
land class i; 
CC(i) is the per acre construction cost of terraces oa 
land class i; 
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PW(i) is the proportion of acres of land class i 
terraced having grassed waterways for drainage; 
W(i) is the cost per terraced acre for ~rassed water-
ways consistent with the terraces on land class i; 
PT(i) is the proportion of acres of lani class i 
terracad having tiled outlets for dr~inage; 
T(i) is the cost per terraced acre of tiling and 
drainage consistent with the terraces on l~nd class 
i; 
PLT(i) is the the proportion of all lani in class i 
which is feasible to terrace; 
.1 is the factor to adjust for a 10 year amortized 
life of the terrace.t 
From the many cost components the final produ=tion =ost is 
determined for each cropping management system as: 
C(i,j,k) = I:(l!(i,j,m) +L{i,j,m) + P(i,j,m) 
m 
+F(i,j,m) + MS{i,j,m)) R(i,j,lll)) + rc(j,k) 
i = 1, ••• , the number of crop management systems in 
the producing area, 
j = 1, ••• , 223 for the producing areas, 
k = 1, ••• , 18 for the land classes, 1, ••• , 9 dry-
land, and 10, ••• , 18 irrigated, 
m = 1, ••• , the number of crops in the croppin~ system, 
tA 10-year amortized life for terraces represents a 
tradeoff with a longer amortization period and inclusion of 
repair and maintenance costs. 
--------------- ---
where: 
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C(i,j,k) is the cost per acre for crop management sys-
tem i in producing area j on land class k; 
ft(i,j,m) is the the p~ojected per acre machine cost 
for crop m in crop system i in producing a~ea j; 
L(i,j,m) is the the p~ojected per acre labor cost for 
c~op m in cropping system i in producing area j; 
P(i,j,m) is the the projected per acre pesticide cost 
for crop m in cropping system i in producing area 
j; 
F(i,j,m) is the p~ojected pe~ acre non-nitrogen fer-
tilizer cost for crop m in cropping system i in 
producing area j; 
MS(i,j,m) is the projected per acre other costs for 
crop m in cropping system i in producing area j; 
R(i,j,m) is the rotation weight for crop m in c~opping 
system i in producing area j; 
TC{j,k) is the per cultivated acre terracing costs on 
land class k in producing area j. 
Appendix 6. Determination of the Land Base 
The land base represents the major constraint on the 
productive capacity of the system. The number of acres of 
dryland and irrigated cropland for use by the endogenous 
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crops,t nonrotation hays and nonrotation pastures are deter-
mined by aggregating the county acreages as determined from 
The !~1iQ~~l_!~~~tQ£Y (3) reports the acres of 18 land 
uses in each of the 29 class-subclass categories classified 
according to the severity of different conservation hazards. 
The major classes are from one through eight and the 
subclasses defined within each of the major classes, except 
one, reflect four conservation hazards. The hazards include 
erosion, subsoil exposure, drainage problems, and climatic 
restrictions preventing normal crop production. Class one 
lands have no subclass designations and the acres in this 
category are considered to be adequately treated and reflect 
no hazards under normal cultivation practices. 
The county data reported in the !i~iiQ~~l-!!!Y.~~!;Q£! {3) 
are aggregated to the producing areas and the 29 class-
subclass groups defined for dryland and irrigated are 
aggregated to give nine land groups which exhibit a ra~ge i~ 
erosion hazard, yield and farming alternatives. The land 
base used for the endogenous dryland or irrigated crops rep-
------------------lThe endogenous crops include barley, corn, corn 
silage, cotton, legume hay, nonlegume hay, oats, sorghum, 
sorghum silage, soybeans, sugar beets and wheat. 
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resents the sum of those lands in the component lan1 classes 
of the ~~~iQll~1-In~gg£Q£Y designated as being used for row 
crops, close-grown crops, summer fallow, rotation hay and 
pasture, land in conservation base, and land used for fruits 
and vegetables with an adjustment for the land used for the 
exogenous crops. 
Projected increases in irrigated lands in the western 
United States are added to the irrigated acreages in each of 
the relevant producing areas. Only those irrigation projects 
which have been approved for construction before 1980 are 
considered. A more detailed discussion on the location of 
these projects and the procedure used is given in !~~i£~!1~~­
~l_Wa!~~-Qg~~g§ (9). 
Af£~~g~-~!~i!~~1~_fQf_£hg_nQ~Ql!i!a~~g_hai2-!~~-£a2t~[~2 
The noncultivated land base is divided into three land 
use categories based on the acreages from the !~!iQ~~i-I!~g~­
iQ[.Y (3). Dryl.and nonrotation pasture and ran;,eland from the 
!atiog~l-In~!Q£! are combined into an upper bound for the 
improved or managed pasture activity by producing area. The 
yields and costs for these activities are obtained from the 
"pasture on farms" activities as described in !SI£if.!!l!!:H:al 
jai~£_Q~!!~g§ (9). A similar procedure gives the activities 
for the irrigated improved pasture. 
Bound~d activities are also defined for dryland and ir-
rigated non-rotation hay. These acres represent wild hay and 
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other hayland which is continuous except for infrequent in-
terruptions to re-establish a stand. The cost and yield co-
efficients for these activities are determined by weighting 
together the respective "wild hay" and "improved hay" activi-
ty coefficients from !~£i£~itu£~l-~~tg£_~~!~n12· A final set 
of bounded activities is defined, on dryland only, to repre-
sent the grazing of forest and bush lands. Coefficients for 
this set of activities are determined from the "pasture not 
on farms" activities described in !~£.i£~lt!!£~!-~~!~£-~~!!!~n1§· 
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